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PREFACE 


THE SECOND EDITION. 


The first edition of this work was published early in 
the year 18G2, and has been for some time out of print. 
During the two or three years after its appearance 
I received, through the kindness of various corre- 
spondents in different parts of the world, a large 
number of letters, especially from Fritz Muller in South 
Brazil, communicating to me many new and* curious 
facts, and calling myattention to some errors. Various 
memoirs on the fertilisation of orchids have also since 
been published, *and I have myself examined several 
new and striking forms. A large amount of matter 
has thus been accumulated; but the present volume 
would be rendered much too long if the whole were 
introduced. I have, therefore, selected only the more 
interesting facts, and have given a brief Abstract of 
the several published papers. The work has thus been 
remodelled ; and the additions and corrections aie so 
numerous that I have found it impossible to follow my 
usual plan of giving a list of them. I have, however, 



appended, in chronological order, the titles of all the 
papers and books on the fertilisation of the Orcliideaj 
which have been published since the appearance of 
the first edition of the present book. Finally, I will 
remark that any reader who wishes merely to see how 
wonderfully complex and perfect arc the adaptations 
for the fertilisation of these plants had better read 
Chapter VII. on the Oatasctidie. The account of 
their structure and of the action of the several parts 
will, I think, be intelligible, if lie will first glance at 
the explanation of the terms given at the close of 
the Introduction. 
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INTRODUCTION. 

The object of the following work fs to show that the 
coiitri vances by which Orchids are fertilised, are as 
varied and almost as perfect as any of the most beauti- 
ful adaptations in the animal kingdom ; and^econdly, 
to show that these contrivances have for their main 
object the fertilisation of the flowers with pollen 
brought by insects from a distinct plant. In my 
volume * On the Origin of Species ’ I gave only general 
reasons for the belief that it is an almost universal law 
of nature that the higher organic beings require an 
occasional cross with another individual ; or, which is 
the same thing, that 'no hermaphrodite fertilises itself 
for a perpetuity of generations. Having been blamed 
for propounding this doctrine without giving ample 
facts, for which I had. not sufficient space in that work, 
I wish here to show that I have not spoken without 
having gone into details. 

1 have been led to publish this little treatise sepa- 
rately, as it is too large to be incorporated with any 
other subject. As Orchids are universally acknow- 
ledged to rank amongst the most singular and most 

> b 
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modified forms in the vegetable kingdom, I have 
thought that the facts to be given might load some 
observers to look more curiously into the habits of our 
several native species. An examination of their many 
beautiful contrivances will exalt the whole vegetable 
kingdom in most persons’ estimation. I fear, however, 
that the necessary details are too minute and complex 
for any one who has not a strong taste for Natural 
History. This treatise affords me also an opportunity 
of attempting to show that the study ol* organic 1 icings 
may be as interesting to an observer who is fully con- 
vinced that the structure of each is due to secondary 
lutvp, as to one who views every trifling detail of 
structure as the result of the direct interposition of the 
Creator. 

I mus f premise that Christian Konrad Rprengel, in 
his curious and valuable work, ‘ Das cntdockte < Jeheim- 
niss der Natur,’ published m 1705k gave an excellent 
outline of the action of the several parts in the genus 
Orchis; for lie well knew the position of the stigma., 
and he discovered that insects were necessary to remove 
the pollen-masses.* Hut he overlooked many curious 
contrivances, — a consequence, apparently, of his belief 
that the stigma generally receives pollen from the 
same flower. Rprengel, likewise, has partially described 
the structure of Epipnctis ; but in the case of List-era 
he entirely misunderstood the remarkable phenomena 
characteristic of that genus, which, has been well de- 
scribed by Dr. Hooker in the ‘ Philosophical Trans- 


* Pelpino 1ms found (‘ Ult. Os- 
servazioni sulla Dit'O^aram,’ Part 
li. 1875, p. 150) a memoir by Wnet- 
cherji published in 1801 in Roo- 
mers * Areliiv fiir die Rotanik,* t. 
ii.p. 11, which apparently lias re- 
gained unknown to everyone else. 


In tliiB memoir Woctehrr, who 
does not seem to have been ac- 
quainted with SprcngdVi work, 
shows tlmt insects are necessary 
for the fertilisation of various 
orchids, nnd describes well the 
wonderful structure of Neottia. 
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actions’ for 1854 . Dr. Hooker lias given a full and 
accurate account, with drawings, of the structure of 
the parts ; but from not having attended to the agency 
of insects, he did not fully understand the object 
gained. Hubert llrown,* in his celebrated paper in the 
‘ Linnean Transactions,’ expresses his belief that insects 
are necessary for the fructification of most Orchids; 
but adds, that the fact of all the capsules on a dense 
spike not infrequently producing seed, seems hardly 
reconcilable with this belief: we shall hereafter find 
that this doubt is groundless. Many other authors 
have given facts and expressed their belief, more or 
less fully, on the necessity of insect-agency in 4he 
fertilisation of Orchids. 

In the course of the following work I shall have the 
Misuro of expressing my deep obligation to several 
r iitlemen for their unremitting kindness in sending 
’ ..i fresh specimens, without which aid this work would 
vve been impossible. The trouble which several of 
'.y kind assistants have taken luis been extraordinary: 

have never once expressed a wish for aid or for in- 
ji urination which has not been granted me, as far as 
possible, in the most liberal spirit. 

EXPLANATION OF TERMS. 

In case any one should look at this treatise who has 
never attended to* Botany, it may be convenient to 
explain the meaning of the common terms used. In 
most flow'ers the stamens, or male organs, surround in 
a ring the one or more female organs, called the pistils. 
In all common Orchids there is only one well-developed 
stamen, which is confluent with the pistils, and they 


‘Linnean Transaction., ’ 1833, vol. xri. p. 704. 

B 2 
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form together the column. Ordinary stamens consist 
of a filament., or supporting thread (rarely seen in 
British Orchids), which carries the anther ; and within 
the anther lies the pollen or male vivifying element. 
The anther is divided into two cells, which are very 
distinct in most Orchids, so much so as to appear in 
some species like two separate anthers. The pollen in 
all common plants consists of fine granular powder: 
hut in most Orchids the grains cohere in masses, which 
are often supported by a very curious appendage, called 
the caudicle. This part and all the other organs will 
hereafter be more fully described and figured under the 
head of the first species, Orchis niascnJa. The pollen- 
masses, with their caudicles and other appendages, are 
called the pollinia. 

Orchids properly have three pistils or female organs, 
united together, the upper and anterior surfaces of two 
of which form the two stigmas. But the two are often 
completely confluent, so as to appear as one. The 
stigma is penetrated in the act of fertilisation by long 
tubes, emitted by the pollen-grains, which cany the 
contents of the grains down to the ovules or young 
seeds in the ovarium. * 

The upper stigma is modified into an extraordinary 
organ, culled the rostellum, which in many Orchids 
presents no resemblance to a true stigma. AVhon 
mature it cither includes or is altogether formed of 
viscid matter. In many species the pollen-masses are 
firmly attached to a portion of the exterior membrane, 
which, when insects visit the flowers, is removed, 
together with the pollen-masses. This removable 
portion consists in most British Orchids merely of a 
small piece of membrane, with a layer or ball of viscid 
^ matter underneath, and I shall call it the “ viscid disc;” 
but in many exotic species the portion removed is so 
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large and so important, that one part mnst be called, 
as before, the viscid disc, and the other part the pedicel 
of the rostcllum, to the end of which the pollen-masses 
are attached. Authors have called that portion of the 
rostcllum which is removed, the “ gland ” or “ retina- 
culum,” from its apparent function of retaining the 
pollen-masses in their places. The pedicel, or pro- 
longation of the rostcllum, to which in many exotic 
species the pollen-masses are attached, seems generally 
to have been confounded, under the name of caudicle, 
with the true caudicle of the pollen-masses, though 
their nature and origin are totally different. The part 
of the rostcllum which is left after the removal of 
the discs and viscid matter, is sometimes called the 
“ bursicula,” or “ fovea,” or “ pouch.” But it will bo 
found convenient to avoid all these terms, and to call 
the whole modified stigma the rostcllum — sometimes 
adding an adjective to define its shape ; that portion 
of the rostcllum which is removed with the pollen- 
masses being called the viscid disc, together in some 
cases with the pedicel. 

Lastly, the three outer divisions of the flower are 
called sepals, and form the calyx ; but, instead of being 
green, as in most common flowers, they are generally 
coloured, like the three inner divisions or petals of the 
flower. In almost all the species, one of the petals, 
which is properly the upper one, is larger than the 
others and stands on the lower side of the flower, where 
it offers a landing-place for insects, having been carried 
round by the twisting of the ovarium. It is called 
the lower lip or laheUum, and often assumes most 
singular shapes. It secretes nectar for the sake of 
attracting insects, and is often produced into a rfpur- 
like nectary. 
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CHAPTER I. 


OPHREJE. 

structure of the flower of Orchis mnscula — rower of movement of the 
pollinia — Perfect adaptation of the parts in Orchis pyramidalis — 
Other species of Orchis and of sonic closely allied genera — On the 
insects which visit the several species, and on the frequency of their 
visits — On the fertility and sterility of various Orchids — On the 
qperetion of nectar, ami on insects being purposely deluyed in 
obtaining it. 

Throughout tho following volume I Imvo followed, as 
far as I conveniently could, the arrangement, of the 
Orchid eai given by Lindley. The ‘ British species 
belong to five of his tribes, the Opiums Neottea*, 
Arethuscae, Malaxea? and Cypripedeje, hut the two 
latter tribes contain each only a single genus. Various 
British and foreign species belonging to the several 
tribes are described in the first eight chapters. The 
eighth also contains a discussion on the homologies of 
the flowers of the Orchideaj. The ninth chapter is 
devoted to miscellaneous and general considerations. 

The Opium include most of our common British 
species, and we will begin with the genus Orchis. The 
reader may find the following details rather difficult 
to understand ; but I can assure him, if he will have 
patience to make out the first case, the succeeding ones 
will be easily intelligible. The accompanying diagrams 
(fig. 1, p. 8) show the relative position of the more 
important organs in the flower of the Early Orchis 
(0. musculo). The sepals and the petals have been re- 
' moved, excepting the labellum with its nectary. The 
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nectary is shown only in the side view (n, fig. A) ; 
for its enlarged oriJice is almost hidden in shade in the 
front view (13). The stigma (#) is bilohed, and con- 
sists of two almost confluent stigmas ; it lies under the 
pouch-formed rostellum (r). The anther (a, in 15 and 
A) consists of two rather widely separated cells, which 
are longitudinally open in front: each cell includes a 
pollen-mass or pollinium. 

A pollinium removed out of one of the two anther- 
cells is represented by fig. 0 ; it consists of a number 
of wedge-formed packets of pollen-grains (see fig. 1<\ 
in which the packets are forcibly separated), united 
together by excessively elastic, thin threads. These 
threads become confluent at the lower end of each 
pollen-mass, and compose the straight elastic caudicle 
(c, 0). The end of the caudicle is firmly attached to 
the viscid disc (d, C), which consists (as may be seen 
in the section of the pouch-formed rostellum, fig. E) 
of a minute oval piece of membrane, with a ball of 
viscid matter on its under side. Each pollinium has 
its separate disc; and the two balls of viscid matter 
lie enclosed together (fig. D) within the rostellum. 

The rostellum is a nearly spherical, somewhat 
pointed projection (r, figs. A and 13) overhanging the 
two almost confluent stigmas, and must be fully de- 
scribed, as every detail of its structure is full of signi- 
ficance. A section through one of the discs and balls 
of viscid matter is given (fig. E) ; and a front view ot 
botli viscid dies within the rostellum (fig. I)) is like- 
wise given. This latter figure (I)) probably best 
serves to explain the structure of the rostellum ; but 
it must be understood that the front lip is here con- 
siderably depressed. The lowest part of the anther is 
united to the back of the rostellum, as may be seen 
in fig. B. At an early period of growth the rostellum 
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DiacuiPTiox of Fio. 1. 


a. anther, consisting of two colls. 

r. r ns tell uni. 

s. stigma. 

Z. label lu in. 


n. nectary. 

р. pollen-mass. 

с. caudiclc of polliuium. 
d. viscid disc of pollinium. 


A. Side view of flower, with all the petals and sepals cut olf except the 

label] uni, of which the near half is cut away, as well as the upper 
portion of the near side of the nectary. 

B. Front view of flower, w th all sepals and petals removed, except the 

labellum. 

C. One polliniuin, showing the packets of pollen-grains, the caudiclc, and 

viscid disc. 

D. Frout. view of the caudiclcs of both pollinia with the discs lying within 

the rostellum, its lip being depressed. 

K. Section through one side of the rostellum, with the included disc and 
candicle of one pollinium. lip n<*t depressed. 

F. Backets of pollen-grains, tied together by elastic, threads, here extended. 
(Copied from Bauer.) 
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consists of a mass of polygonal cells, full of brownish 
matter, which cells soon resolve themselves into two 
balls of extreme] v viscid semi-fluid matter, void of 
stmeture. These viscid masses are slightly elongated, 
almost flat on the top, and convex below. They lie 
quite free within the rostellum (being surrounded by 
fluid), except at the back, where each viscid ball 
adheres to a small portion or disc of the exterior 
membrane of the rostellum. Tlio ends of the two 
caudicles are strongly attached externally to these 
two little discs of membrane. 

The membrane forming the whole exterior surface 
of the rostellum is at first continuous; but as soon as 
the flower opens the slightest touch causes it to rupture 
transversely in a sinuous lino, in front of the anther- 
cells and of the little crest or fold of membrane (see 
fig. D) between them. This act of rupturing makes 
no difference in the shape of the rostellum, but eon- 
verts the front part into a lip, which can be depressed 
easily. This lip is represented considerably depressed 
iirfig. ]>, and its edge is seen, fig. B, in the front view. 
When the lip is thoroughly depressed, the two halls 
of viscid matter are exposed. Owing to the elasticity 
of the hinder part, the lip or pouch, after being 
pressed down, springs up again and encloses the two 
viscid balls. 

I will not affirm that the rupturing of the exterior 
membrane of the rostellum never takes place sponta- 
neously ; and no doubt the membrane is prepared for 
rupture by having become very weak along defined 
lines ; but several times I saw the act ensue from an 
excessively slight touch — so slight that I conclude 
that the action is not simply mechanical, hut, for the 
want of a better term, may be called vital. Wo shall 
hereafter meet with other cases, in which the slightest 
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touch or the vapour of chloroform causes the exterior 
membrane of the rostellum to rupture along certain 
defined lines. 

At the same time that the rostellum becomes trans- 
versely ruptured in front, it probably (for it was 
impossible to ascertain this fact from the position of 
the parts) ruptures behind in two oval lines, thus 
separating and freeing from the rest of the exterior 
surface of the rostellum the two little discs of mem- 
brane, to which the two cau dicles are attached exter- 
nally, and to which the two balls of viscid matter 
adhere internally. The line of rupture is thus very 
complex, but strictly defined. 

As the two anther-cells are open longitudinally 
in front from top to bottom, even before the flower 
expands, it follows that as soon as the rostellum is 
properly ruptured from the effects of a slight touch, 
its lip can be depressed easily, and, the two little discs 
of membrane being already separate, the two polJinia 
now lie absolutely free, but are still embedded in their 
proper places. So that the packets of pollen and the 
caudicles still lie within the anther-cells ; the discs 
still form part of the rostellum, but are separate ; and 
the balls of viscid matter still lie concealed within 
the rostellum. 

Now let us see in the, case of Orchis untscuhi (fig. 1) 
how this complex mechanism acts. Suppose an insect 
to alight on the labellum, which forms a good landing- 
place, and to push its head into the chamber (see side 
view, A, or front view, B), at the back of which lies the 
stigma (#), in order to reach with its proboscis the end 
of the nectary ; or, which does equally well to show 
the action, push very gently a sharply-pointed common 
pencil into the nectary. Owing to the pouch-formed 
rostellum projecting into the gangway of the nectary, 
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it is scarcely possible that any object can be pushed 
into it without the rostcllum being touched. The ex- 
terior membrane of the rostellum then ruptures in the 
proper lines, and the lip or pouch is easily depressed. 
When this is effected, one or both of the viscid balls 
will almost infallibly touch the intruding body. So 
viscid are these balls that whatever they touch they 
firmly stick to. Moreover the viscid matter has 
the peculiar chemical quality of setting, like a 
cement, hard and drv in a few minutes’ time. As the 
anther-cells are open in front, when the insect with- 
draws its head, or when the pencil is withdrawn, one 
pollinium, or both, will be withdrawn, firmly cemented 
to the object, projecting up like horns, as shown (fig. 2) 




A. Pollen-mass of 0. rwixcula, when | li. Pollen-mass of 0, masmkt, after 
first attached. the act of depression. 

by tlie upper figure, A. The firmness of the attach- 
ment of the cement' is very necessary, for if the 
pollinia were to fall sideways or backwards they could 
never fertilise the flower. From the position in 
which the two pollinia lie in their cells, they diverge a 
little when attached to any object. Now suppose that 
the insect flies to another flower, or let us insert the 
pencil (A, fig. 2), with the attached pollinium, into 
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tlie same or into another nectary : by looking at the 
diagram (fig. 1, A) it will be evident that the firmly 
attached polliuium will be simply pushed against or 
into its old position, namely, into the anther-cell. 
How then can the flower be fertilised? This is 
effected by a beautiful contrivance : though the v iscid 
surface remains immovably affixed, the apparently 
insignificant and minute disc of membrane to which the 
caudicle adheres is endowed with a remarkable power 
of contraction (as will hereafter be more minutely 
described), which causes the pollinium to sweep 
through an angle of about ninety degrees, always in 
one direction, viz., towards the apex of the proboscis or 
pencil, in the course of thirty seconds on an average. 
The position of the pollinium after the movement is 
shown at 11 in fig. 2. After this movement, completed 
in an interval of time which would allow an insect to 
ffy to another plant,* it will be seen, by turning to the 
diagram (fig. 1, A), that, if the pencil be inserted into 
the nectary, the thick end of the pollinium now 
exactly strikes the stigmatic surface. 

.1 Fere again comes into play another pretty adapta- 
tion, long ago noticed by Robert llrown.f The 
stigma is very viscid, but not so viscid as when 
touched by a pollinium to pull the whole oil* an insect’s 
head or off a pencil, yet sufficiently viscid to break 
the elastic threads (lig. 1, F) by which the packets 
of pollen-grains are tied together, and leave some of 
them on the stigma. Hence a pollinium attached to 
an insect or to a pencil can he applied to many 
stigmas, and will fertilise all. I have often seen the 

* Dr. II. Muller (‘ Pie Befrucli- flowers of Orclm mancula* and 
tung der 131 u men (lurch Insekten,' finds that this statement is correct. 
1873, i>. 84) has timed liumblo- t 4 Transactions of the Liimean 
bees at work on the spikes of Society,* vol. xvi. p. 731. 
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pollinia of Orchis pyramidalis adhering to the pro- 
'boscis of a moth, with the stump-like caudicles alone 
left, all the packets of pollen having been left glued 
to the stigmas of the successively visited flowers. 

One or two other little points must be noticed. 
The balls of viscid matter within the pouch-formed 
rostellum arc surrounded with fluid; and this is 
very important, for, as already mentioned, the viscid 
matter sets hard whan exposed to the air for a very 
short time. 1 have pulled the balls out of their 
pouches, and found that they had entirely lost the 
power of adhesion after a few minutes. Again, the 
little discs of membrane, the movement of which, as 
causing the movement of the pollinia, is so abso- 
lutely indispensable for the fertilisation of the flower, 
lie at the upper and back surface of the rostellum, 
and are closely enfolded and thus kept damp within 
the bases of the anther-cells ; and this is very neces- 
sary, as an exposure of about thirty seconds causes 
the movement of depression to take place ; but as 
long, as the disc is kept damp, the pollinia remain 
ready for action whenever removed by an insect. 

Lastly, as I have shown, the pouch, after being 
depressed, springs up to its former position ; and this 
is likewise of great service ; for if this action did not 
take place, and an insect after depressing the lip 
failed to remove the two viscid balls, or if it removed 
one alone, then in the first case both, and' in the 
second case one worild be left exposed to the air; 
consequently one or both would quickly lose all 
adhesiveness, and the pollinium would be rendered ab- 
solutely useless. That with many kinds of Orchids 
insects often remove only one of the two pollinia at 
a time is certain; it is even probable that they 
generally remove only one, for the lower and older 
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flowers almost always have both pollinia removed, 
whilst the younger flowers close beneath the buds,* 
which will have been scldomer visited, have frequently 
only one pollinium removed. In a spike of Orchis 
mandat a, I found as many as ten flowers, chiefly the 
upper ones, which had only one pollinium removed; 
the other pollinium being still in its proper place with 
the lip of the rostellum well closed up ; so that all the 
mechanism was perfect for its subsequent removal by 
some other insect. 

When the first edition of this book was published, 

1 had not, seen any insects visiting the flowers of 
the present species ; but a friend watched some plaints, 
and saw them visited by several humble-bees, appa- 
rently Bomlnis wmeu urn ; and I)r. H. Muller * has seen 
four other species of Bombus at work. He caught 
ninety-seven specimens, and of these thirty-two had 
pollinia attached to their heads. 

The description now given of the action of the 
organs hi Orchis mascida applies to 0. morio, fusca , 
macidata , and lati folia. Those species present slight 
and apparently co-ordinated differences in the length 
of their earn! iclos, in the direction of the nectary, 
in the shape and position of the stigma, Imt they 
arc not worth detailing. In all, the pollinia when 
removed from the anther-cells undergo the curious 
movement of depression, which is so necessary to 
place them in a right position on an insect’s head 
for striking the stigmatic surface of another flower. 
Six species of humble-bees, the hive-bee^ and two 
other kinds have been seen by H. Muller and myself 
visiting the flowers of Orchis morio. On some of the 


* 1 Die Befruchtmlg, , &c., p. 84. 
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hive-bees from ten to sixteen pollen-masses adhered ; 
♦to the head of Eucera longicornis eleven, to the head of 
Omiarufa several, and several to the bare surface close 
above the mandibles of Eonibm muscorum. H. Muller 
has seen twelve different kinds of bees visiting the 
flowers of 0. latifolia , which are also visited by 
Diptera. My son George observed for some time 
plants of 0 . maculata, and saw many specimens of a 
fly {Empis livida) inserting their proboscides into the 
nectary ; and subsequently the same fact was ob- ; 
served by me. He brought home six specimens of this 
Empis, with pollinia attached to their spherical eyes, 
on a level with the bases of the antcnnu\ : The pollinia 
had undergone the movement of depression, and stood 
a little above and parallel to the proboscis : hence 
they were in a position excellently adapted to strike 
the stigma. Six pollinia were thus attached to one 
specimen, and three to another. My son also saw 
another and smaller species ( Empis pemipes) inserting 
its proboscis into the nectary; but this species did 
not act so well or so regularly as the other in 
fertilising the flowers. One specimen of this latter 
Empis had live pollinia, and a second had three 
pollinia, attached to the dorsal surface of its convex 
thorax. H. Muller has seen two other genera of 
Diptera at work on this orchis, with pollinia attached 
to the front part of their bodies ; and on one occasion 
he saw a humble-bee visiting the flowers.* 

We now come to Orchis (sub-genus, Anacamptis) 
pyramidalis, one of the most highly organised species 

* M. M. Girard caught a front of its mouth : 1 Annalea de 

longicom beetle*, Strangalia a tra, la Soo. Etitomolog. de France,’ 

with a tuft of the pollen-masses tom ix. 1809, p. xxxi. 
of this orchis attached to the 
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which I have examined, and which is ranked by several 
botanists as a distinct genus. The relative position ot* 
the parts (fig. 3) is here considerably different from 
what it is in 0 . mascula and its allies. There are two 
quite distinct rounded stigmatic surfaces (s, s , A) 
placed on each side of the pouch-formed rostellum. 
This latter organ, instead of standing some height 
above the nectary, is brought down (sec side view B) 
so as to overhang and partially to close its orifice. 
The ante-chamber to the nectary, formed by the 
union of the edges of the labellum to the column, 
which is large in 0. mascula and its allies, is here 
small. The pouch-formed rostellum is hollowed ^out 
on the under side in the middle: it is filled with 
lluid. The viscid disc is single and of the shape of a 
saddle (figs. C and E ) ; it carries on its nearly flat 
top or seat the two caudicles of the pollinia, the ends 
of which firmly adhere to its upper surface. Before 
the membrane of the rostellum ruptures, the saddle- 
formed disc can be clearly seen to be Continuous with 
the rest of the surface. The disc is partially hidden 
and kept damp (which is of great importance) by the 
over-folding bases of the two anther-cells. It consists 
of several layers of minute cells, and is therefore rather 
thick ; it is lined beneath with a layer of highly ad- 
hesive matter, which is formed within the rostellum. 
It corresponds strictly to the two minute, oval, sepa- 
rate discs to which the two caudicles of 0. mascula 
and its allies are attached. 

When the flower opens and the rostellum has 
become symmetrically ruptured, either from a touch 
or spontaneously (I know not which), the slightest 
pressure depresses the lip, that is, the lower and. bi- 
lobed portion of the exterior membrane of the ros- 
tellum, which projects into the mouth of the nectary. 

c 
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Description of Fig. 

a. anther. 
s,s. tigma. 
r. rostellum. 

A. Front view, with all the sepals and petals removed, except the 
i.ihellum. 

7i. Side view, with all the sepals and petals removed, with the labellum 
longitudinally bisected, and with the near side of the upper part 
of the nectary cut away. 

C. The two pollinia att ‘ »d to the saddle-shaped viscid disc. 

The disc after the first act of contraction, with no object seized. 

K The disc seen from above, and flattened by force, with one pollinium 
removed; showing a depression in its surface, by which the second 
movement of the pollinium is effected. 

F. The pollinia removed by the insertion of a needle into the nectary, after 
the saddle has clasped the needle by the first act of contraction. 

.0. The same pollinia after the second movement and their consequent 
depression. 


/. labellum. 

l\ guiding plate on the labellum. 
». nectary. 
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When the lip is depressed, the under and viscid surface 
of the disc, still remaining in its proper place, is un- 
covered, and is almost certain to adhere to the touch- 
ing object. Even a human hair, when pushed into 
the nectary, is stiff enough to depress the lip or 
pouch ; and the viscid surface of the saddle adheres 
to it. If, however, the lip be pushed only slightly, 
it springs back and recovers the under side ol* the 
saddle. 

The? perfect adaptation of the parts is well shown by 
cutting off the end of the nectary and inserting a 
bristle at that end ; consequently in a reversed direc- 
tion to that in which moths insert their proboscides ; 
and it will be found that the rostellum may easily be 
torn or penetrated, but that the saddle is rarely or 
never caught. When the saddle together with the 
pollinia is removed on a bristle, the under lip in- 
stantly curls closely inwards, and leaves the orilice of 
the nectary more open than it was before ; but whether 
this is of much service to the moths which frequent 
the flowers, and consequently to the plant, 1 will not 
pretend to decide. 

Lastly, the labellum is furnished with two pro- 
minent ridges (/', figs. A, 13), sloping down to tin* 
middle and expanding outwards like the mouth of a 
decoy ; those ridges serve to guide any flexible 
body, like a fine bristle or hair, into the minute and 
rounded orifice of the nectary, which, small as it 
already is, is partly choked up by the rostellum. 
This contrivance of the guiding ridges may be com- 
pared to L the little instrument sometimes used for 
guiding a thread into the fine eye of a needle. 

‘Now let us see how these parts act. Let a moth 
insert its proboscis (and we shall presently see how 
frequently the flowers are visited by Lepidoptera) 
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between the guiding ridges of the labelliun, or insert 
a line bristle, and it is conducted safely to the minute 
orifice of the nectary, and can hardly fail to depress 
the lip of the rostellum ; this being effected, the 
bristle comes into contact with the now naked and 
sticky under surface of the suspended saddle-formed 
disc. When the bristle is removed, the saddle with 
the attached pollinia is removed. Almost instantly, 
as soon as the saddle is exposed to the air, a rapid 
movement takes place, and the two flaps curl inwards 
and embrace the bristle. When the pollinia are 
pulled out by their caudides, by a pair of pincers, 
so that the saddle has nothing to clasp, I observed 
that the flaps curled inwards so as to touch each 
other in nine seconds (see fig. II), and in nine more 
seconds the saddle was converted by the flaps curl- 
ing still metre inwards into an apparently solid ball. 
The proboscides of the many moths which I have? 
examined, with the pollinia of this Orchis attached 
to them, were so thin that the tips of the flaps just 
met on the under side. Hence a naturalist, whet 
sent me a moth with several saddles attached to its 
proboscis, and who diel not know of this movement, 
very naturally came to the extraordinary conclusion 
that the moth had cleverly bored through the exact 
centres of the so-called sticky glands of seune 
Orchid. 

Of course this rapid clasping movement helps to fix 
the saddle upright em the proboscis, which is very 
important ; but the viscid matter setting hard rapidly 
would probably suffice for this end, and the real object 
gained by the clasping or curling movement is tho 
divergence of the pollinia. The pollinia, being* at- 
tached to the flat top or seat of the saddle, project at 
first straight up and nearly parallel to each other; 
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but as the flat top curls round the cylindrical and 
thin proboscis, or round a bristle, the pollinia neces- 
sarily diverge. As soon as the saddle has clasped the 
bristle and the pollinia have diverged, a secoud move- 
ment commences, which action, like the last, is ex- 
clusively due to the contraction of the saddle-shaped 
disc of membrane, as will be more fully described in 
the ninth chapter. This second movement is the 
same as that in 0. maseula and its allies, and causes 
the divergent pollinia, which at first projected at right 
singles to the needle or bristle (see fig. F), to sweep 
through an angle of nearly ninety degrees towards the 
tip of the needle (see fig. G), so as to become de- 
pressed and finally to lie in the same plane with the 
needle. In three specimens, this second movement 
was effected in from thirty to thirty-four seconds after 
the removal of the pollinia from the anther-cells, and 
therefore in about fifteen seconds after the saddle had 
clasped the bristle. 

The use of this double movement becomes evident 
if a bristle with pollinia attached to it, which have 
diverged and become depressed, be pushed between 
the guiding ridges of the labellum into the nectary 
of the same *>r another flower (compare figs. A and 
G) ; for the two ends of the pollen-masses will be 
found now to have acquired such a position that the 
end of the one strikes against the stigma on the one 
side, and the end of the other at the, same moment 
strikes against the stigma on the opposite side. The 
secretion on the stigmas is so viscid that when the 
pollinia arc withdrawn, the elastic threads by which 
the packets of pollen are bound together are ruptured ; 
and* some dark-green grains may be seen, even by the 
naked- eye, remaining on the two white stigmatic sur- 
faces. I have shown this little experiment to several 



CnAp. I. 


OUCIIIS 1 * YE AMID ALTS. 


23 


persons, and all have expressed the liveliest admiration 
at the perfection of the contrivance by which tin's ■ 
Orchid is fertilised. 

As in no other plant, or indeed in hardly any 
animal, can adaptations of one part to another, and 
of the whole to other organisms widely remote in the 
scale of nature, be named more perfect than those 
presented by this Orchis, it may be worth while 
briefly to sum them up. As the flowers are visited 
both by day and night-flying Lepidoptera, it is not 
fanciful to believe that the bright-purple tint (whether 
or not specially developed for this purpose) attracts 
the day-fliers, and the strong foxy odour the night- 
fliers. The upper sepal and two upper petals form a 
hood protecting the anther and stigmatic surfaces 
from the weather. The labellum is developed into a 
long nectary in order to attract Lepidoptera, and we 
shall presently give reasons for suspecting that the 
nectar is purposely so lodged that it can be sucked 
only slowly (very differently from what occurs in most 
other plants), in order to give time for the viscid 
matter on the under side of the saddle to set hard 
and dry. JTe who will insert a fine and flexible 
bristle into the expanded mouth of the flower between 
the sloping ridges on the label lum, will not doubt 
that they serve as guides and effectually prevent the 
bristle or proboscis from being inserted obliquely into 
the nectary. This latter circumstance is of manifest 
importance, for, if the proboscis were inserted ob- 
liquely, the saddle-formed disc would become attached 
obliquely, and after the compounded movement of the 
pollinia they would not strike the two lateral stigmatic 
surfaces. 

Then we have the rostellum partially closing the 
mouth of the nectary, like a trap placed in a run for 
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game ; and the trap so complex and perfect, with its 
symmetrical lines of rupture forming the saddle- 
shaped disc above, and the lip of the pouch below ; 
and, lastly, this lip so easily depressed that the pro- 
boscis of a moth can hardly fail to uncover the viscid 
disc and adhere to it. But if this fails to occur, the 
clastic lip rises and covers again the viscid surface, 
so as to keep it damp. The viscid matter within the 
rostellum is attached, to the saddle-shaped disc alone, 
aud is surrounded by fluid, so that it does not set hard 
till the disc is withdrawn. The upper surface of the 
saddle, with the attached caudiclcs, is also kept 
damp by the bases of the anther-cells, until it is 
withdrawn, and then the curious clasping movement 
instantly commences, causing the pollinia to diverge, 
followed by the movement of depression, which move- 
ments together are exactly fitted to cause the ends 
of the two pollen-masses to strike the two stigmatic 
surfaces. These stigmatic surfaces are not so sticky 
as to tear off the whole pollinium from the proboscis 
of the moth, but by rupturing the elastic threads to 
secure a few packets of pollen, leaving plenty for other 
flowers.* 

But let it be observed that, although the moth pro- 
bably takes a considerable time to suck the nectar of 
a flower, yet the movement of depression in the pol- 
linia does not commence (as I know by trial) until 
they are fully withdrawn ; nor will the movement be 
completed, and the pollinia properly placed for strik- 
ing the stigmatic surfaces, until about half a minute 
has elapsed* which will give ample time for the moth to 


* Tlie late Prof. Treviranus has but points out two unimportant 
confirmed (‘Botaniaohe Zeitung,' inaccuracies in the drawing which 
1863, p. 241) all my observations, 1 have given. 
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fly to another plant, and thus effect a union between 
two distinct individuals. 

Orchis ustulata * resembles 0. pyramidalis in some 
important respects, and differs from it in others. The 
labellum is deeply channelled, and the channel which 
replaces the guiding ridges of 0. pyramidalis leads to 
the small triangular orifice of the short nectary. The 
upper angle of the triangle is overhung by the ros- 

1 tellum, the pouch of which is rather pointed below. 

*In accordance with this position of the rostellum, 
close to the mouth of the nectary, the stigma is 
double and lateral. This species shows in an interest- 
ing manner how easily two distinct stigmas, like those 
of 0. pyramidalis , might be converted into a single 
one, by becoming at first slightly lobed like that of 
0 . mascula , and then acquiring its present structure. 
For directly beneath the rostellum there is a narrow 
transverse rim, formed of true stigmatic tissue, which 
connects together the two lateral stigmas ; so that 
if this rim were widened, the two stigmas would be 
converted into a single transverse one. Conversely 
a single stigma might thus easily be converted into a 
double one. The pollinia undergo the usual move- 
ment of depression, and in acquiring this position 
the two diverge slightly, so as to be ready to strike the 
two lateral stigmas. 

Orchis (sub-genus Himantoglossum) hircina . — A fine 
specimen of this extremely rare British plant, the 
Lizard Orchis, with its curious elongated labellum, 
was sent me by Mr. Oxenden. The two pollinia 
arise from a single almost square disc ; •and when 

* I am greatly indebted to Air. kindness in supplying me ^ith 
G. Chichester Oxenden of Broome living plants, and information re- 
Park for fri Bli specimens of this g aiding many of the rarer British 
Orchis, and for his never-tiring Orchids. 
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they are removed from their cells, they do not di- 
verge, but become depressed, sweeping through an 
angle of ninety degrees, in about thirty seconds. They 
are then in a proper position for striking the single 
large stigma which lies beneath the rostellum. In the 
case of 0 . pyramidalis we have seen that the depression 
of the two pollinia is effected by the contraction of 
the disc in front of each, two furrows or valleys being 
there formed ; whilst with the present species, the 
whole front of the disc contracts or sinks down, the 
front part being thus separated from the hinder part 
by an abrupt step. 

Acer as * ( Orchis ) anihropophora . — The Qaudicles of 
the pollinia are unusually short ; the nectary consists 
of two minute rounded depressions in the label him ; 
the stigma is transversely elongated; and lastly the 
two viscid discs lie so close together within the ros- 
tellum that they affect each other’s outline. This 
latter fact is worth notice, as a step towards the two 
becoming absolutely confluent, as in tlie following 
species of Aceras, in 0 . pyramidalis and hircina. 
Nevertheless, in Aceras a single pollinium is some- 
times removed by insects, though more rarely than 
with the other species of Orchis. 

Aceras ( Orchis ) longibracteata . — Mr. Moggridgc has 
given an interesting account, together with a figure, 
of this plant which grows in the South of Franee.t 
The pollinia are attached to a single viscid disc. 
When they are removed they do not diverge as in 
0. pyramidalis , but converge and then undergo the 


* The separation of this genus 
is evidently artificial. It is a true 
Orchis, but with a very short 
nectary. Dr. Weddell has de- 
scribed (‘Annales des Sc. Nat.,* 
3 ser. Bot. tom. zviii. p. 6) the 


occurrence of numerous hybrids, 
naturally produced, between this 
Aceras and Orchis galcnta. 

t 4 Journ. Linn. Soc. Bot.* 
vol. viii. 1865, p. 25G. Ho gives 
also a figure of Orchis hircina . 
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movement of depression. The most remarkable point 
about this species is that insects seem to suck nectar 
out of minute open cells in the honeycombed surface 
of the labellum. The flowers are visited by various 
hymenopterous and dipterous insects ; and the author 
saw the pollinia attached to the forehead of a large 
bee, the Xylocopa violacea. 

Neotinea ( Orchis ) intada— Mr. Moggridge sent me 
from North Italy living specimens of this very rare 
•British plant, which, as lie informed me, is remark- 
able from producing seeds without the aid of insects. 
When insects were carefully excluded by me, almost 
all the flowgrs produced capsules. Their fertilisation 
follows from the pollen being extremely incoherent, so 
as to fall spontaneously on the stigma. Nevertheless 
a short nectary is present, the pollinia possess small 
viscid discs, and all the parts are so arranged that, 
if insects were to visit the flowers, the pollen-masses 
would almost certainly be removed and carried to 
another flower, but not so effectually as with most 
other orchids. 

Serapias cordigera, an inhabitant of the South of 
France, has been described by Mr. Moggridge in the 
•paper just referred to. The pollinia are attached to 
a single viscid disc ; when first withdrawn, they are 
bent backwards, but soon afterwards move forwards 
and downwards in the usual manner. As the stigmatic 
cavity is narrow, the pollinia are guided into it by two 
guiding plates. 

Nigritdla angustifolia. — This Alpine species is said 
by Dr. H. Muller * to differ from all ordinary orchids 
in the ovarium not being twisted ; so that the labellum 
stands on the upper side of the flower, and insects 


* * Nature* Doc. 31, 1874, p. 1G9. 
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alight on the opposite sepals and petals. As a con- 
sequence of this, when a butterfly inserts its proboscis 
into the narrow entrance of the nectary, the viscid discs 
become attached to the lower surface of the proboscis, 
and the pollinia afterwards move upwards, instead of 
as irf all other orchids downwards. They are then in 
the proper position for striking the stigma of the next 
flower which is visited. Dr. Muller remarks that the 
flowers are frequented by an extraordinary number of* 
butterflies. 

1 have now described the structure of most of the 
British and of a few foreign species iq the genus 
Orchis and its close allies. All these species, with the 
exception of the Neotinea, require the aid of insects for 
their fertilisation. This is obvious from the faqt that 
the pollinia are so closely embedded in the anther-cells, 
and the ball of viscid matter in the pouch-formed 
rostellum, that they cannot be shaken out by violence. 
We have also seen that the pollinia do not assume the 
proper position for striking the stigmatic surface until 
some time has elapsed; and this indicates that they 
are adapted to fertilise, not their own flowers, but those 
on a distinct plant. To prove that insects are neces- 
sary for the fertilisation of the flowers, I covered up 
a plant of Orchis morio under a bell-glass, before 
any of its pollinia had been removed, leaving three 
adjoining plants uncovered ; I looked at the latter 
every morning, and daily found some of the pollinia 
removed, till all were gone with the exception of those 
in a single flower low down on one spike, and of those 
in one or two flowers on the summits of all the spikes, 
which were never removed. But it should be observed 
that when only a very few flowers remain open on the 
summits of the spikes, these are no longer conspicuous, 
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and would consequently be rarely visited by insects. 
I then looked at the perfectly healthy plant under 
the bell-glass, and it had, of course, all its pollinia in 
the anther-cells. I tried an analogous experiment with 
specimens of 0 . mascula with the same result. It de- 
serves notice that the spikes which had been covered 
up, when subsequently left uncovered, never had their 
pollinia carried away by insects, and did not, of course, 
set any seed, whereas the adjoining plants produced 
•plenty of seed. From this fact it may be inferred 
that there is a proper season for each kind of Orchis, 
and that insects cease their visits after the proper 
season has passed. • 

With many of the hitherto mentioned species, and 
with several other European kinds, the sterility of the 
ilowers, when protected from the access of insects, 
depends solely on the pollen-masses not coining into 
contact with the stigma. This has been proved to be 
the case by Dr. Hermann Muller, who, as lie informs 
me, applied the pollen-masses of Orchis pyramidalis 
(•44), fttsca (6), militam (14), variegata (3), coriophora 
(0), mono (4), maculata (18), mascula (6), latifoUa (8), 
incarnata (3), Ophrys muscifera (8), Gymnadenia comp- 
sca (14), albida (8), Ilermimum monorchis (6), Epipogon 
aphyllm (2), Epipactis latifoUa (14), palustris (4), Listcra 
ovaia (5), and Cypripedium caleeolus (2), to their own 
stigmas, and full-sized capsules, containing seeds in 
appearance good, were formed. The numbers placed 
after the names of the species show how many flowers 
were tried in each case. These facts are remarkable, 
because Mr. Scott and Fritz Muller* have proved 


* An abstract of their observu- tication,* chap. xvii. 2nd edit. vul. 
tions is given in my ‘Variation of ii. p. 114. 

A nimals and Plants under Domes- 
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that various exotic species, both in this country and 
in their native homes, invariably fail to yield seed- 
capsules, when the flowers are fertilised with their own 
pollen. 

From the observations already given, and from 
what will hereafter be shown with respect to Gym- 
nadenia, Habenaria, and some other species, it is a 
safe generalisation* that species with a short and 
not very narrow nectary are fertilised by beesf and 
flies; whilst those with a much elongated nectary, 
or one having a very narrow entrance, are fertilised 
by butterflies or moths, these being provided with 
long and thin proboscides. Wo thus see that the 
structure of the flowers of Orchids and that of 
the insects which habitually visit them, are corre- 
lated in an interesting manner, — a fact which has 
been amply proved by Dr. 11. Muller to hold good 
with many of the Orehidem and >ther kinds of 
plants. 

With respect to Orchis pyramklalis , which possesses, 
as we have seen, an elongated nectary, Mr. Bond was 
so kind as to send me a large number of Lepidoptcra, 
out of which 1 selected twenty-three species, enumer- 
ated 'n the following list, with the pollinia of this 
Orchid, which can easily he recognised, attached to 
their proboscides. 


* Some remarks to this e.ect 
were given in my “Notes on 
the Fertilisation of Orchids, 1 ” in 
* Annals and Mag. of Nat. Hist.' 
Sept. 1809, p. 2. 

t M. Meniere (in ‘Bull. Bot. 
Soc. de Frauen, ' tom. i. 1854, p. 
370) says he saw in Dr. Guepiu's 
collection, bees collected at Sau- 
raur with the pollinia of Orchids 
attached to their heads; and he 
states tliat a person who kept bees 


near tho Jurdin de la FnoiiHd (at 
Toulouse?) complained that liis 
bees returned from the garden 
with their heads charged with 
yellow bodies, of which they could 
not free themselves. This is good 
evidence how firmly the pollinia 
are attached. There is, however, 
nothing to show whether the pol- 
1 inia in these cases belonged to 
the genus Orchis or to some other 
genus of the family. 
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Polyommatns alexia. 

Ly one lift phlmas. 

Argo galatlieu. 

Hesperia sylvauus. 

„ linen. 

Hyrichthus alveolus. 

Aiitlirucorn filipcndukc. 

„ tiifolii.* 

Lithosin cohinlana. 

Loiiojinift lit 1 irgyriu (two speci- 
mens ). 

Canulrimi ■r.i.’?* 1 
alsines. 

Agn/i.v r:« i.ii.h:ut'a. 


| Euliolia monsuraria *(two speci- 
mens . 

I II ad on a dentiua. 

Heliotliia marginata (two speci- 
mens;. 

Xylophusia aublustria ' two speci- 
mens). 

Kudidia glypliiea. 

To \0( a ampa pasli n um . 

Melauippc rivnria. 

Sjulodes puloulis. 

„ cinatulis. 

Aenntie luc L uusa. 


Fig. 4. 


A dirge majority of these moths and butterflies 
laul two or tliroo pairs of pollinia attached to them, 
and invariably to the proboscis. The Aeoutia bi\d 
se ven pair Hig. 4), end the 
Oaradrina no less Uiau t. levcn 
pair ! The proboscis of this 
latter moth presented an ex- 
traordi 1 i, arborescent ap- 
pearance. The saddle-formed 
discs, each bearing a pair of 
pollinia, adhered to the pro- 
boscis, one before the other, 
with perfect symmetry ; and J««- , * , i fl »d proiuise- o fA-iwtfa fuc- 

. ( . , , .» . , iuosii \vitiis«vn pji*r «>t‘ pollinia 

this follows from the moth Ki e o-cUs . attached 
having always inserted its v >ro>,; 
proboscis into the necta. r ' exact*) thekame manner, 
owing to the presence o 4 ‘ the guiding plates on the 
labellum. The unfortunate Oaradrina, with its pro- 
boscis thus encumbered, could hardly have reached 
the extremity of the nectary, and would soon have 



* I am indebted to Mr. Parfitt 
for an examination of this moth, 
which is mentioned in the ‘ En- 
tomologist’s Weekly Intelligencer,’ 
vol. ii. p. 182, and vol. iii. p. 3, 
Oct. 3, 1857. The pollinia worn 


erroneously thought to belong to 
Ophry* itpipra. The pollen li%d 
changed from its natural green 
colour to yellow; on washing it, 
however, and drying it, the green 
tint returned. 
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been starved to death. Both these moths must have 
sucked many more than the seven and eleven flowers,, 
of which they bore the trophies, for the earlier at- 
tached pollinia had lost much of their pollen, showing 
that they had touched many viscid stigmas. 

The above list proves that many different species 
of Lepidoptora visit the same kind of Orchis. The 
Eadena dentina also frequents Ilabenaria. Probably 
all the Orchids provided with elongated nectaries 
are visited indifferently by many kinds of moths. 
Whether any ol* the British Orchids are fertilised 
exclusively by special insects confined to certain 
localities is very doubtful ; but we shall hereafter see 
that Epipadis latifolia seems to be fertilised by wasps 
alone. I have twice observed plants of Gymnadenw 
conopsea , which had been transplanted into a garden 
many miles from its native home, with nearly all 
their pollinia removed. Mr. Marshall of Ely* has 
made the same observation on similarly transplanted 
specimens of 0 . maculata. On the other hand fifteen 
plants of Oplirys muscifera had not one pollen-mass 
there removed. Malaxis pahidosa was placed in a 
bog about two miles from that in which it naturally 
grew ; and it had most of its pollinia immediately 
removed. 

The list which follows serves to show that insects in 
most cases perform the work of fertilisation effectually. 
But the list by no means gives a fair idea how effectu- 
ally it is done ; for I have often found nearly all the 
pollinia removed, but kept an exact record only in 
exceptional cases, as may be seem by the appended 
remarks. Moreover, in most cases, the pollinia which 

‘ Gurdener’s Chronicle,’ 1861, marks of mine on this subject 
p. 73. Mr. Marshall’s communi- previously published in the * Gar- 
cation was in answer to some re- deuer’s Chronicle, ’ 1 800, p. 528. 
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had not been removed were in the upper flowers 
beneath the buds, and many of these would probably 
have been subsequently carried away. I have often 
found an abundance of pollen on the stigmas of flowers 
which had not their own pollinia removed, showing 
that they had been visited by insects. In many other 
cases the pollinia had been removed, but no pollen had 
been as yet left on the stigmas* 
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Orchis mono. Three small plants. N.l 
Kent • • . . • * j 

i 22 

2 

6 

Orchis mono. Thirty-eight plants. N.'j 

! 



Kent. These plants were examined 

! 



after nearly four weeks of extraordi- 
narily cold and wet weather in 1860; 

; no 

23 

193 

and therefore under the most unfavour- 
able circumstances 




Orchis pyramidalis. Two plants. N.l 
Kont and Devonshire. . . ./ 

OrchiB pyramidalis. Six plants from twol 

■ 30 
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102 

protected valleys. Devonshire . . J 

Orchis pyramidalis. Six plants from aj 
much exposed bank, Devonshire ./ 

Orchis maculata. One plant. Stafford- 

• • : 

■ 57 

166 



shire. Of the twelve flowers which had 
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not their pollinia removed, the greater > 
number were young flowers under the 

32 

6 1 
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12 

buds , 

Orchis maculata. One plant. Surrey . 

! 

21 

5 

7 

Orchis maculata. Two plants. N. and\ 
S. Kent / 

28 

17 | 

| 

50 

Orchis latifolia. Nine plants from S.J 

J ! 

! 


Kent, sent me by the Rev. B. S. Malden. 1 
The flowers were all mature . . ) 

j 50 j 

| i 

-27. i 

119 

Orchis fusca. Two plants. S. Kent.) 
Flowers quite mature, aud even withered / 

8 ! 

! 

5 j 

54 

Aceras antnropophora. Four plants. S.\ 
Kent . . . . . ./ 

63 

6 l 

i 
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In the second lot of 0. mono , in the preceding list, 
we see the injurious effects of the extraordinary cold 
and wet season of 18(50 on the visits of insects, and, 
consequently, on the fertilisation of this Orchid, very 
few seed-capsules having been produced. 

I have examined spikes of 0 . pyramidalia in which 
every single expanded flower had its pollinia removed. 
The forty-nine lower flowers of a spike from Folkestone 
(sent me by Sir Charles Lyell) actually produced forty- 
eight fine seed-capsules ; and of the sixty-nine lower 
flowers in three other spikes, seven alone had failed to 
produce capsules. These facts show how well moths 
ai}d butterflies perform their office of marriage-priests.* 

The third lot of 0. pyramidalis in the above list 
grew on a steep grassy bank, overhanging the sea near 
Torquay, and where there were no bushes or other 
shelter for Lepidoptera ; being surprised how few pol- 
linia had been removed, though the spikes were old 
and very many of the lower flowers withered, I gathered, 
for comparison, six other spikes from two bushy and 
sheltered valleys, half a mile on each side of the 
exposed bank ; these spikes were certainly younger, 
and would probably have had several more of their 
pollinia removed ; but in their present condition wo 
see how much more frequently they had been visited by 
moths, and consequently fertilised, than those growing 
on the much exposed bank. The Bee Ophrys and 
0. pfijramidalh grow mingled together in many parts 
of England ; and they did so here, but the Bee Ophrys, 
instead of being, as usual, the rarer species, was here 


* In the summer of 1S75, wh ieh ing fertilised ; rind on this occasion 

was a very wet oiu, I gathered six only 119 flowers produced cap- 

uiiftsually fine spikes of 0. pyra - sules, 183 having failed to do so. 

midali *. These bore 302 flowers, Hix spikes of O. maculata bore lf?7 

excluding fourteen which were still flowers, of which eiglity-two pro- 

fully expanded mid capable of be- duced capsules, 105 having failed. 
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much more abundant than 0. pyramidalis . No oiu j 
would readily have suspected that one chief reason of 
this difference probably was, that the exposed situation 
was unfavourable to Lepidoptera, and therefore to the 
seeding of 0 . pyramidalis ; whereas, as we shall here- 
after see, the 13ee Oplirys is independent of insects. 

Many spikes of 0 . latifolia were examined, because, 
being familiar with the usual state of the closely-allied 
0. maculata , 1 was surprised to find in nine nearly 
withered spikes (as may be seen in the list) how few 
polHniahacl been removed. In one instance, however, 
0. maculata had been even worse fertilised ; for seven 
spikes with olo flowers, produced only forty-nine seed- 
capsules- —that is, on an average only seven capsules 
on each spike. In this case the plants formed larger 
beds than I had ever before seen ; and I imagine that 
there were too many flowers for the insects to visit 
apd fertilise all of them. On some other plants of 
0. maculata growing at no great distance, above thirty 
capsules had been produced by each spike. 

Orchis fusca offers a still more curious case of 
imperfect fertilisation. I examined ten fine spikes 
from two localities in South Kent, sent to me by Mr. 
Oxenden and Sir. M alden : most of the flowers on these 
spikes were partly withered, with the pollen mouldy 
even in the uppermost flow ers ; we may therefore infer 
that no more pollinia would have been removed. I 
examined all the flowers only in two spikes, on account 
of the trouble from their withered condition, and the 
result may be seen in the list, namely, fifty-four 
flowers with both pollinia in place, and* only eight 
with one or both removed. In this Orchid, and in 0 . 
latifolia , neither of which had been sufficiently visited 
by insects, there w ere more flowera with one pollinium 
than with both removed. I casually examined many 

d 2 



36 


OrilREJE. 


Chap. I. 


flowers in the other spikes of O.fusoa, and the propor- 
tion of pollinia removed was (evidently not greater 
than in the two in the list. The ten spikes bore 
altogether 358 flowers, and, in accordance with the 
lew pollinia removed, only eleven capsules had been 
formed : live of the ten spikes produced not a single 
capsule; two spikes had only one, and one had as 
many as four capsules. As corroborating what I have 
before said with respoot to pollen being often found on 
the stigmas of flowers which retain their own pollinia, 
1 may add that, of the eleven flowers which had 
produced capsules, five luul both pollinia still within 
therr now withered anther-cells. 

From these facts the suspicion naturally arises that 
0. fused is so rare a species in Britain from not being 
sufficiently attractive to insects, and to its not 
producing a sufficiency of seed. C. K. Sprengel* 
noticed, that in Germany 0. militaris (ranked by 
Bentham as the same species with O.fusca) is likewise 
imperfectly fertilised, but more perfectly than our 0. 
fusca ; for he found five old spikes bearing 138 flowers 
which had set thirty-one capsules ; and he contrasts the 
state of these flowers with those of Gt/mnadenia conop - 
sea, in which almost every flower produces a capsule. 

An allied and curious subject remains to be discussed. 
The existence of a well-developed spur-like nectary 
seems to imply the secretion of nectar. But Sprengel, 
a most careful observer, thoroughly searched many 
flowers of 0. latifolia and morio, and could never find 
a drop of nectar; nor could Kriinitzt find nectar 

* *Das cntdcckte Geheimniss,* tung dor Nektaricn,’ 1833, s. 2^ 
etc. 8. 404. Sec also 4 Dus entdeekte Gelicim- 

t Quoted by J. G. Kurr in his niss/ s. 403. 

‘Uutersucliungen iiber die Bcdeu- 
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either in the nectary or on the labellum of 0. morio , 
fusca , militarise maculata or latifolia. I have looked 
to all our common British species and could find no 
trace of nectar; I examined, for instance, eleven 
flowers of 0. maculata , taken from different plants 
growing in different districts, and taken from the most 
favourable position on each spike, and could not find 
under tlio microscope the smallest bead of nectar. 
Sprengel calls these flowers “Schcinsaftllumen” or 
sham-nectar-producers; — he believes that these plants 
exist by an organized system of deception, for he well 
knew that the visits of insects were indispensable for 
their fertilisation. But when we reflect on the incalcul- 
able number of plants which have lived during a great 
length of time, all requiring that insects should carry 
the pollen-masses from flower to flower in each gene- 
ration ; and as we further know from the number of the 
ppllcn-masses attached to their proboscides, that the 
same insects visit a large number of flowers, we can 
hardly believe in so gigantic an imposture. He 
who believes in Sprengel’s doctrine must rank the 
sense or instinctive knowledge of many kinds of 
insects, even bees, very low in the scale. To test 
the intellect of moths and butterflies I tried the 
following little experiment, which ought to have been 
tried on a larger scale. I removed a few already- 
opened flowers on a spike of 0. pyramidalis , and 
then cut off about half the length of the nectaries 
of the six next non-expanded flowers. When all the 
flowers were nearly withered, I found that thirteen 
of the fifteen upper flowers with perfect nectaries 
had their pollinia removed, and two alone had their 
.pollinia still in the anther-cells ; of the six flowers 
with their nectaries cut oft*, three had their pollinia 
removed, and three were still in place ; and this in- 
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clicates that moths do not go to work in a quite sense- 
less manner.* 

* Nature may be said to have tried this same experi- 
ment, but not quite fairly; for Orchis pyramided ™ , 
as shown by Mr. Bent-ham, f often produces monstrous 
flowers without a nectary, or with a short and imperfect 
one. Sir C. Lyell sent me several spikes from Folke- 
stone with many flowers in this condition : I found six 
without a vestige of a. nectary, and their pollinia had 
not been removed. In about a dozen other flowers, 
having either short nectaries, or with the labcllum 
imperfect, the guiding ridges being either absent or 
developed in excess and rendered foliaeoous, the 
pollinia in one alone had been removed, and the ova- 
rium of another flower was swelling. Yet I found 
that the saddle-formed discs in these eighteen flowers 
were perfect, and that they readily clasped a needle 
when inserted in the proper place. Moths had removed 
the pollinia. and had thoroughly fertilised the perfect 
flowers on the same spikes; so that they must have 
neglected the monstrous flowers, or, if visiting them, 
the derangement in the complex mechanism of the 
parts had hindered the removement of the pollinia, 
and prevented their fertilisation. 

Notwithstanding these several facts I still suspected 
that nectar must be secreted by our common Orchids, 


* Kurr Bedeutung dor Nek- 
turien,* 1833, p. 123) cut ofl* the 
nectaries of fifteen flowers of 
Gymnadenia conopsea . and they 
did not produce a single capsule : 
he also treated in the same man- 
lier fifteen flowers of Platanthem 
or Habcnaria bifolia t and these 
set only five capsules ; but then it 
should lie observed that the nec- 
taries of both these orchids con- 
tain free nectar, lie also out off 


flic corolla, leaving the nectnry, of 
forty flowers of Urchin morin, and 
these sot no capsules; and this 
case shows that insects are guided 
to the flowers by the corolla. 
Sixteen flowers of Platanthera 
treated in the samo manner bore 
only one capsule. Similar experi- 
ments made by him on Gymna- 
denia seem to me open to doubt. 

t ‘ Handbook of the British 
Flora,’ 1858, p. 501. 
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and I determined to examine 0. mono rigorously. As 
soon as many flowers were open, I began to examine 
them for .twenty-three consecutive days: I looked at 
them after hot sunshine, after rain, and at all hours : 
I kept the spikes in water, and examined them at 
midnight, and early the next morning: I irritated 
the nectaries with a bristle, and exposed them to 
irritating vapours : I took flowers which had lately had 
* their pollinia removed by insects* of which fact I had 
independent proof on one occasion by finding grains 
of some foreign pollen within the nectary ; and 1 took 
other flowers, which judging from their position on the 
spike, would soon have had their pollinia removed ; 
but the nectary was invariably quite dry. After the 
publication of the first edition of this work, I one 
day saw various kinds of bees visiting repeatedly the 
flowers of this same Orchid, so that this was evidently 
the proper time to examine their nectaries ; but I tailed 
to detect under the microscope even the minutest drop 
of nectar. So it was with the nectaries of 0. macidata 
at a time when I repeatedly saw flies of the genus 
Empis keeping their proboscides inserted into them 
for a considerable length of time. Orchis pjramidalis 
was examined with equal care with the same result, 
for the glittering points within the nectary were abso- 
lutely dry. We may therefore safely conclude that 
the nectaries of the above-named Orchids neither in 
this country nor in Germany ever contain nectar. 

Whilst examining the nectaries of 0. morio and 
maeulata, and especially of 0. pyramidalis and hircina , 
I was surprised at the degree to which the inner and 
outer membranes forming the tube or spur were sepa- 
rated from each other, — also at the delicate nature of 
the inner membrane, which could be penetrated very 
easily, — and, lastly, at the quantity of fluid contained 
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between the two membranes. So copious is this fluid, 
that, after cutting off the extremities of the nectaries 
of 0. pyramidalis, and gently squeezing them on glass 
under the microscope, such large drops of fluid exuded 
from the cut ends, that I concluded that at last I had 
found nectaries which contained nectar; but when I care- 
fully made, without any pressure, a slit along the upper 
surface of other nectaries from the same plants, and 
looked into them, tlipir inner surfaces wore quite dry. 

I then examined the nectaries of Gymnadenia conopsea 
(a plant ranked by some botanists as a true Orchis) 
and of Ilabenana bifolia, which are always full of nectar 
up to one-third or two-thirds of their length. The 
inner membrane presented the sgine structure and was 
covered with papilla? as in the foregoing species ; but 
there was a plain difference in the inner and outer 
membranes being closely united, instead of being in 
some degree separated from each other and chafed 
with fluid. I was therefore led to conclude th* t insects 
penetrate t.lic? lax inner membrane of the nectaries of 
the above-named Orchids, and suck the copious fluid 
between the two membranes. This was a bold hypo- 
thesis ; for at the time no case was known of insects 
penetrating v ’th their delicate proboscides even the 
laxest membrane But 1 have now heard from Mr. 
Triraen, that at the Cape of Good Hope moths and 
butterflies do much injury to peaches and plums by 
punctiring their unbroken skins. In Queensland, 
Australia, a moth, the Ophideres fullonica , bores 
through the thick rind of the orange with its wonder- 
ful probosois, provided with formidable teeth.* There 
is therefore not the least difficulty in believing that 
Lepidoptera with their delicate proboscides, and bees 

* My son Francis has described 1 Q. Journal of Microscopical 
and figured this organ in the Science,* vol. xv, 1875, p. 385. 
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with their much stronger ones, could penetrate with ease 
the soft inner membrane of the nectaries of the above- 
named Orchids/ Dr. H. Muller is also convinced* that 
insects puncture the thickened bases of the standard 
petals of the Laburnum, t and perhaps the petals of 
some other flowers, so as to obtain the included fluid. 

The various kinds of bees which I saw visiting the 
flowers of Orchis morlo remained for some time with 
•their proboscides inserted into the dry nectaries, and 
I distinctly saw this organ in constant movement. 1 
observed the same fact with Empis in the case of 0. 
maculata ; and on afterwards opening several of the 
nectaries, f occasionally detected minute brown specks, 
due as I 1 :dieve to the punctures made some time 
before by these flies. Dr. H Muller, who has often 
watched bees at work on several species of Orchis, the 
nectaries ot which do not contain any free nectar, fully 
accepts my view.J On the other hand, Delpino still 
main' uns that Sprengel is right, and that insects are 
continually deceived by the p v esence of a nectary, 
though this contains no nectar. § His belief is founded 
chiefly on a statement by Sprengel that ‘insects soon 
find out that it is of no u: j * ' visi ho nectaries of 
these orchids, as shown by their fertilising only the 


• ‘ Die Befruclitung,’ &c. p. 235. 
t Treviranus confirms ( * hot. 
Zeitung,’ 1863, p. 10) a statement 
made by Salisbury, that when the 
filaments in the flowers of another 
leguminous plant, Edwardsia, fall 
off, or when they are cautiously 
separated, a large quantity of 
sweet fluid flows from the points 
of separation ; and as beforehand 
there was no trace of any such 
fluid, it must have been contained, 
as Treviranus remarks, within the 
cellular tissue. I may add an ap- 
parently similar, but reully dis- 


tinct case, namely, the presence 
of nectar in several wonocotyle- 
donous plants (as described by 
Ad. Bronguiart in 4 Bull. ! >e. Bot. 
du France/ tom. i. 1851, p. 75; 
between the two walls > v feuillets) 
which form the divisions of the 
ovarium. But the nectar in this 
ease is conducted to the outside 
by a channel; and the secreting 
surface is homologically an ex- 
terior surface. • 

X ‘ Die Befruehtung/ &c. p. 84. 

§ 4 Ult. Osservazioni sulla Di- 
cogamin/ 1875, p. 121. 



42 


OPHRE.E. 


Chap. I. 


lower and first opened flowers. But this statement is 
completely contradicted by my observations previously 
given, from which it follows that very many of the 
upper flowers are fertilised ; for instance, on a spike 
of 0. pyramdalis with between fifty and sixty flowers, 
no less than forty-eight had their pollinia removed. 
Nevertheless, as soon as I learnt that Delpino still be- 
lieved in Sprengel’s view, I selected during the un- 
favourable season of JL87o six old spikes of 0. miculata, * 
and divided each into halves, so as to observe whether 
many more capsules were produced by the lower than 
by the upper half. This certainly was not always the 
case ; for in some of the spikes no difference could be 
detected between them ; in others there were more cap- 
sules in the lower, while in others there were more in 
the upper half. A spike of 0. pymmidalu examined 
in the same manlier produced twice as many capsules 
in the upper as in the lower half. Bearing in mind 
these facts and others before given, it appears to me 
incredible that the same insect should go on visiting 
flower after flower of these Orchids, although it never 
obtains any nectar. Insects, or at least bees, are by 
no means destitute of intelligence. They recognise 
from a distance the flowers of the same species, and 
keep to them rs 1 ng as they can. When humble- 
bees have t’iten holes through the corolla, as they 
often do, so as to reach the nectar more easily, hive- 
bees immediately perceive wliat has been done and 
take advantage of the perforations. When flowers 
having more than a single nectary are visited by many 
bees, so that the nectar is exhausted in most of them, 
the bees which afterwards visit such flowers insert 
their proboscides only into one of the nectaries, and 
if they find this exhausted, they instantly pass on to 
another flower. Can it be believed that beed which 
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show this much intelligence, should persevere in 
visiting flower after flower of the above-named Orchids, 
and in keeping their proboscides in constant movement 
for some time within the nectaries, in the hope of 
obtaining nectar which is never present? This, as I 
have said, seems to me utterly incredible. 

It has been shown how numerous and beautiful arc 
tjj*e contrivances lor the fertilisation of Orchids. We 
know that it is of the highest importance that the 
p< dinia, when attached to the head or proboscis of an 
insect, should be flxed symmetrically, so as not to fall 
either sideways or back war* Is. Wc know that in the 
speck as yet described the viscid matter of the disu 
sets hard in a few minutes when exposed to the air, 
so that. ' *»w.ud be a great advantage to the plant if 
insects were delayed in sucking the nectar, time being 
thus allowed for the disc to become immovably affixed. 
( is manifest that insects mast be delayed by having 
to bore through so v .nl points of the inner membrane 
oi the ii. entry, and to suck the nectar from the inter- 
modular spaces, and we can thus understand why the 
nectaries of the above-named species of Orchis do not 
contain free nectar, but secrete it internally between 
the two membranes. 

The following singular relation supports this view 
in a striking manner. I have for d f ~ee nectar within 
the nectaries of only five B ; tis!» species of Ophreae, 
namely, in Gymnade,. ia conopsea and albula, in 
1 Tabenaria bifolia and chlorantha, and in Perintylus (or 
Halenaria) viridis. The first four of these species have 
the viscid surfaces of the discs of their pollinta naked 
or not enclosed within pouches, and the viscid matter 
does not rapidly set hard when exposed to the air, as if 
it did, it would immediately have been rendered use- 
less; and this shows that it must differ in chemical 
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nature from that in the foregoing species of Orchis. 
But to make sure of this fact I removed the pollinia 
from their anther-cells, so that the upper asavell as the 
under surfaces of the viscid discs were freely exposed 
to the air ; in Gymnadenia conoj/sea the disc remained 
sticky for two hours, and in Habenaria chloranfha for 
more than twenty -four hours. In Peristylus viridis the 
viscid disc is covered by a pouch-formed membrane, 
but this is so minute that botanists have overlooked 
it. I did not, when examining this species, see the 
importance of ascertaining exactly how soon the 
viscid matter set hard ; but I copy from mv notes 
Jhe words written at the time : “ disc remains sticky 
for some time when removed from its little pouch.” 

Now the meaning of these facts is clear: as the 
viscid matter of the discs of these five latter species is 
so adhesive that it serves to attach the pollinia firmly 
to the insects which visit the flowers, without setting 
hard, there would be no use in the. insects being 
delayed by having to bore holes at several jaunts 
through the inner membrane of the nectaries; and in 
these five species, and in these alone, we find copious 
nectar ready stored for rapid suction in open nectaries. 
On the other hand, whenever the viscid matter sets 
hard by exposure for a short time to the air, it would 
manifestly be advantageous to the plant, if insects 
were delayed in obtaining the nectar ; and in all such 
species the nectar is lodged within intercellular spaces, 
so that it can be obtained only by the inner mem- 
brane being penetrated at several points, and this will 
require time. If this double relation is accidental, 
it is a fortunate accident for the plants; but I cannot 
believe it to be so, and it appears to me one of the 
most wonderful cases of adaptation which has ever 
been recorded. 
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CHAPTER II. 

orjiRE.E — continued . 

Ffy ami Spider Oplirys— Bee Oplirys, apparently adapted for perpetual 
self-fertilisation, but with paradoxical contrivances for intercrossing 
— Herminium monorchis, attachment of the pollinia to Ihe front legs 
of insects—' Per istyl us viridis, fertilisation indirectly effected by nectar 
secreted from tlirce parts of the labellum— Gymnndcnia conopsea, 
and other species — Ilabcimria or Platanthera ehloranthn and^ 
bifolia, their pollinia attached to the eyes of Lcpidoptcra — Other 
species of Ilabenaria — Bonatea — Disa — Summary on the powers of 
movement in the pollinia. 

The genus Oplirys (lifters from Orchis chiefly in 
luiving separate pouch-formed rostella,* instead of 
the two being confluent. 

In Oplirys muscifera , or the Fly Oplirys, the chief 
peculiarity m that, the caudicle of the pollinium 
(B, fig. 5) is doubly bent. The nearly circular piece 
of membrane, to the under side of which the ball of 
viscid matter adheres, is of considerable size, and forms 
the summit of the rostellum. It is thus freely exposed 


* It is not correct to speak of 
two rostella, but the inaccuracy 
may be forgiven from its conve- 
nience. The rostellum strictly is 
a single organ, formed by the 
modification of the dorsal stigma 
and pistil ; so that in ( iphrys the 
two pouches, the two viscid discs, 
and the space between them to- 
gether form the true rostellum. 
Again, in Orchis I have spoken of 
the pouch-formed organ as the 
rostellum, but strictly the rostel- 
lum .includes the little crest or 


fold of membrane (see B in fig. 1) 
projecting between the bases of 
the anthcr-oells. This folded 
crest (sometimes converted into a 
solid ridge) corresponds with the 
smooth surface lying between the 
two pouches in Oplirys. and owes 
its protuberant And folded condi- 
tion in Orchis to the two pouches 
having been brought together and 
rendered confluent. This modi* 
fication will be more fully ex- 
plained in a future chapter. 
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to the air, instead of lying almost hidden at the base of 
the anther, as in Orchis, and thus kept damp. Never- 
theless, when a pollinium is removed, the caudicle 
bends downwards in the course of about six minutes, 
and, therefore, at an unusually slow rate ; the upper 

Fig. 5. 



OwntYS MUSCIFKUA, Oil FLY OlMIKYU. 


a. author. s. stigma, 

r, r. rostclla. 1. labollmn. 

A. Flower viewed in front : the two 
upper petals are almost cylin- 
drical and hairy : the two ros- 
tella stand a little in advance 


of the bases of the anther-cells ; 
but this is not shown from the 
foreshortening of the drawing. 

B. One of the two pollinia removed 
from its anther-cell, and viewed 
laterally. 


end stili remaining curved. I formerly thought that 
it was incapable of any movement, but have been oon- 
■vinced by Mr. T. H. Farrer of my error. The ball of 
viscid matter is bathed in fluid within the pouch formed 
by the lower half of the rostellum, and this is necessary, 
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as the viscid matter quickly sets hard when exposed to 
the air. The pouch is not elastic, and does not spring 
up when the pollinium is removed. Such elasticity 
would have been useless, as there is here a separate 
pouch for each viscid disc ; whereas in Orchis, after 
one pollinium has been removed, the other has to 
be kept covered up and ready for action. Hence it 
appears that nature had been so economical as to save 
even superfluous elasticity. 

The pollinia cannot, as I have often proved, be shaken 
out of the anther-cells. That insects of some kind 
visit the flowers, though not frequently, and remove 
the pollinia, is certain, as we shall immediately sop. 
Twice I have found abundant pollen on the stigmas of 
flowers, in which both pollinia were still in their cells ; 
and no doubt this might have been much ol'tener ob- 
served. The elongated labellum affords a good landing- 
place for insects : at its base, just beneath the stigma, 
there is a rather deep depression, representing the 
nectary in Orchis ; but I could never see a truce of 
nectar within it ; nor have I ever observed any insects 
approach these inconspicuous and scentless flowers, often 
as I have watched them. There is, however, on each side 
oT the base of the labellum a small shining projection, 
having an almost metallic lustre, Avhich appears curi- 
ously like a drop of fluid or nectar ; and as these flowers 
are only visited occasionally by insects, Sprengel’s view 
of the existence of sham-nectaries is far more probable 
in this case than in any other known to me. . On 
several occasions I have detected minute punctures in 
these protuberances, but 1 was not able to decide whether 
they, had been made by insects, or w hether superficial 
cells had spontaneously burst. Similar shining pro- 
tuberances are present on the lqjbella of all the other 
species of Ophrys. The two rostella stand not far 
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apart, and project over the stigma ; and if any object 
is gently pushed against one of them, the pouch is 
depressed and the viscid ball together with the pol- 
linium adheres to it and is easily removed. 

The structure of the flower leads me to believe that 
small insects (as we shall see in the case of Listera) 
crawl up the labellum to its base, and that in bending 
their heads downwards, so as to puncture and suck, or 
only to examine one.of the small shining protuberances* 
they push against the pouch, and a pollinium is attached 
to their heads ; they then fly to another flower, and 
there bending down in a similar manner, the attached 
and doubly-bent pollinium, after the movement of 
depression, strikes the sticky stigmatic surface, and 
leaves pollen on it. Under the next species we shall 
see reason for believing that the natural double cur- 
vature of the caudicle compensates for its slight power 
of movement, compared with that in all the species of 
Orchis. 



X umber of Flowers. 


j Noth Pollinia 

I or one* ri'inovi d 

1 by Jns.tts. 

Poth Pollinia, 
ill their Ollfc. 

In 1858, 17 plants, bearing 57 flowers,) 

| 30 

27 

growing near each other were examined / 
In 1858, 25 plants growing in another) 

15 

50 

spot, and bearing <55 flowers . ./ 

In 1860, 17 plants, bearing 61 flowers 

In 1861, 4 plants from S. Kent, bearing 24 1 

■ 28 

33 

flowers (all the previous plants having) 
grown in N. Kent) . . . .) 

15 

1 i 

9 

Total 

OO 

cc 

119 


That insects visit the flowers of the Fly Ophrys 
and remove the pollinia, though not effectually or suffi- 
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ciently, the following cases show. During several 
years before 1858 1 occiisionallv examined some ilowers, 
and found that only thirteen out of 102 had one or 
both pollinia removed. Although at the time I re- 
corded in iny notes that most of the flowers were 
partly with (‘red, 1 now think that I must have included 
many young flowers, which might perhaps have been 
subsequently visited ; so 1 prefer trusting to the fol- 
lowing ( >hser various. 

We here see that, out of 207 flowers examined, not 
half had been visited by insects. Of the eighty-eight 
flowers visited, thirty-one had only one pollinium re- 
moved. As the visits of insects are indispensable for 
the fertilisation of this Orchid, it is surprising (as in 
the case of Orchis fusca) that the flowers have not been 
rendered more attractive to insects. The number of 
seed-capsules produced is proportionally oven less than 
the number of ilowers visited by insects. The year 
18(il was extraordinarily favourable to this species in 
this part of Kent, and 1 never saw such numbers 
in flower; accordingly 1 marked eleven plants, which 
bore forty-nine flowers, but these' produced only seven 
capsules. Two of the plants each bore two capsules, 
and three other plants each bore one. 1 , so that no loss 
than six plants did not produce a single capsule! 
What are we to conclude from these facts ? Are the 
conditions of life unfavourable to this species, though 
during the year just alluded to it was so numerous in 
some places as to deserve to be called quite cornu Am? 
Could the plant nourish more seed ; and would it be of 
any advantage to it to produce more seed ? Why does 
it produce so many flowers, if it already produces a 
sufficiency of seeds ? Something seems to bo out of 
order in its mechanism or in its conditions. We shall 
presently sec that Ophrtjs apifera or the Bee Oplirvs 
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Ophrys n rani fora. 


presents a wonderful contrast in every flower producing 
a capsule. 

OjjJmjs ( tranifera , or the Spider Ophrys. — I am in- 
debted to Mr. Oxenden for some spikes of this rare 
* Fig. r». species. AYhilst the polliniu 

remain enclosed within their 
cells, the lower part of the can- 
diele projects up in a straight 
line from the viscid disc, and 
therefore has a very different, 
form from the corresponding 
part of t he caudicle of 0 . rmia- 
•A. l'nllinium before the act of cijh'a ; blit tllO Upper part (A, 

Ii. I’ol l iii'iuln ^'ift c-r the act of %• 0) is u little bent fonviml, 
deprcssii.'u. that, is, towards the label linn. 

The point of attachment of the caudicle to the disc 
is hidden within the buses of the anther-cells, and 
is thus kept damp ; consequently, as soon as the 
pollinia are exposed to the air, the usual movement of 
depression takes place, and they sweep through an 
angle of about ninety degrees. By this movement 
they assume, supposing them to be attached to an 
insect’s head, a position exactly adapted for striking 
the stigmatic surface, which is situated, relatively to 
the pouch-formed rostella, rather lower down in the 
flower than in the Fly Ophrys. 

I examined fourteen flowers of the Spider Ophrys, 
several of which were partly withered; and in none 
were both pollinia, and in three alone was one pollinium 
removed. Hence this species, like the Fly Ophrys, 
is but little visited by insects in England. In parts 
of Italy it is even less visited, for Dolpino states* 
that in Liguria hardly one flower out of 3000 sets a 


* ‘Ult. Osserv. s. Dico^amia/ &c. Par to i. 1 808-69, p. 177. 
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capsule, though near Florence rather more capsules 
are produced. The labellum does not secrete any 
nectar. The flowers, however, must be occasionally 
visited and fertilised by insects, for Delpino found* 
pollen-mosses on the stigmas of some flowers which 
still retained both their own pollinia. 

The anther-cells are remarkably open, so that witn 
some plants which were sent me in a box, two pair 
t>f pollinia fell out, and stuck by their viscid discs 
to the petals. Here we have an instance of the first 
appearance of a trifling structure which is of not the 
least use to its possessor, but becomes wdien a little 
more developed, highly beneficial to a closely-allied 
species ; for although the open state of the anther-cells 
is useless to the Spider Ophrys, it is of the highest 
importance, as we shall presently see, to the Bee 
Ophrys. The flexure of the upper end of the caudicle 
of the pollinium is of service to the Spider and Fly 
Ophrys, by aiding the pollen-masses, when carried by 
insects to another flower, to strike the stigma; but by 
an increase of this bend together with increased flexi- 
bility in the Bee Ophrys, the pollinia become adapted 
for the widely different purpose of self-fertilisatiou. 

Ophrys arachnites . — This form, of which Mr. Oxenden 
sent me several living specimens, is 
considered by some botanists as only a 
variety of the Bee Ophrys, by others as a 
distinct species. The anther-cells do not 
stand so high above the stigma, and do 
not overhang it so much, as in the Bee 
Ophrys, and the pollen masses are more Pollinium 
elongated. The caudicle is only two- Op/^s arachnites. 
thirds, or even only half as long as that of the Bee 



* 4 Fecondazione nolle Piante Antocarpee/ 1867, p. 20. 
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Ophrys, and is much more rigid; the upper part is 
naturally curved forward ; the lower part undergoes 
the usual movement of depression, when the pollinia 
are removed from their cells. The pollen-masses 
never fall spontaneously out of their cells. This plant, 
therefore, differs in every important respect from 0. 
apifera, and seems to be much more closely allied to 
0. aranifera. 

Ojihri/H seolopax of Cavanilles. — This form inhabits 
the north of Italy and the south of France. Mr. 
Moggridge says* that at Mentone it never shows any 
tendency to fertilise itself, whilst at Cannes the pollen- 
masses naturally fall out of their trolls and strike the 4 
stigma. He adds : “ This material difference between 
the two is accomplished by a very slight bend in the 
anther-cells, w hich are prolonged into a beak of variable 
length, in the case of the self-fertilising blossoms.” 

Ophrys apifera . — The ]$oe Ophrys differs widely 
from the great majority of Orchids in being excellently 
constructed for fertilising itself. The two poucli-formed 
rostel la, the viscid discs, and the position of the stigma, 
are nearly the same as in the other species of Ophrys ; 
but the distance of the two pouches from each other, 
and the shape of the pollen-masses are somewhat 
variable.! The caudieles of the pollinia are remark- 
ably long, thin, and flexible, instead of being, as 
in all the other Ophroje seen by me, rigid enough 
t<> stand upright. They are necessarily curved 
forward at their upper ends, owing to the shape of 
the anther-cells; and the pear-shaped pollen-masses 
lie embedded high above and directly over the 

r* ‘ Joum. Linn. Soc.* vol. viii. symmetrically confluent us in the 
18GT>, p. 258. genus Orchis, and with the two 

f I once found a sitigle flower , viscid discs likewise confluent, us 
on the summit of a spike, with in OrchU pyramidalu or liircina. 
the two rostellu us completely and 
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stigma. The anther-cells naturally open soon after 
the flower is fully expanded, and the thick ends of 
the pollen-masses then fall out, the viscid discs still 
remaining in their pouches. Slight as is the weight 
of the pollen-masses, yet the caudiclos are so thin and 
quickly become so flexible, that in the course of a few 
hours they sink down, until they hang freely in the air 


Fig. 8. 



Oi'iuiY’s Ai*m:nA, oit Bin: Oi’imvs* 

ther. I out »f the anther-cell ; and 

U. If t her has fallen almost to 

A. Si view of flower, with the ill extent, opposite to tin? 

pper sepal and the two upper hidd n stigmatie surface, 

stills removed. One poll ini 11 m, ; B. IV" um in the position in 
nth its disc still in its pouch, 1 which it lies embedded, 
is represented as just falling . 


(see Iowct pollen-mass in fig. A) exactly opposite to 
and in front of the stigmatic surface. In this position 
a breath of air, acting on the expanded petals, sets 
the flexible and elastic caudicles vibrating, and they 
almost immediately strike the viscid stigma, and, 
being there secured, impregnation is effected. To 
make sure that no other aid was requisite, though 
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the experiment was superfluous, I covered up a plant 
under a net, so that the wind, but no insects, could 
pass in, and in a few days the pollinia became attached 
to the stigmas. But the pollinia of a spike kept in 
water in a still room remained free, suspended in front 
of the stigma, until the flowers withered. 

Robert Brown first observed that the structure of the 
Bee Ophrvs is adapted for self-fertilisation.* When 
we consider the unusual and pcrfeetJy-adapted length; 
as well as the remarkable* flexibility of the caudicles ; 
when we see that the anther-cells naturally open, and 
that the masses of pollen, from their weight, slowly 
fall down to the exact level of the stigmatie surface, 
and are there made to vibrate by the slightest breath 
of wind until the stigma is struck ; it is impossible 
to doubt that these several points of structure and 
function, which occur in no other British Orchid, are 
specially adapted for self- fertilisation. 

The result is what might have been anticipated. I 
have often noticed that the spikes of the Bee Ophrys 
apparently produced as many seed-capsules as flowers; 
and near Torquay I carefully examined many dozen 
plants, some time after the flowering season ; and on 
all I found from one to four, and occasionally five, 
fine capsules, that is, as many capsules as there had 
been flowers. In extremely few eases, with the excep- 
tion of a few deformities, generally on the summit of 
the spike, could a flower be found which had not pro- 
duced a capsule. Let it be observed what a contrast 
this species presents with the Fly Ophrys, which 
requires insect aid for its fertilisation, and which from 
forty-nine flowers produced only seven capsules ! 

* * Transact. Linn. Poe.* vol. common to tbo genus. As far as 
xvi. p. 740. Brown erroneously the four British species an* eon- 
believed that this peculiarity was cemed, it applies to this one alone. 
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From what I had then seen of other Orchids, I 
was so much surprised at the self-fertilisation of this 
species , that I examined during many years, and asked 
others to examine, the state of the pollen-masses in 
many hundreds of flowers, collected in various parts of 
England. The particulars are not worth detailing; 
hut I may give as an instance, that Mr. Farrer 
found in Surrey that not one flower out of IOC 
dnid lost both pollinia, and that .only three had lost 
a single one. In the Isle of Wight, Mr. More 
examined BIO flowers, and of these the very unusual 
number of ten had lost both, and fourteen had lost 
one; but then he found that in eleven cases the 
caudicles had been gnawed through, apparently by 
snails, the discs still remaining in their pouches; so 
that the pollinia had not been carried away by insects. 
In some few cases, also, in which 1 found the pollinia 
removed, the petals were marked with the slime of 
snails. Nor must wo forget that a blow from a 
passing animal, and possibly heavy storms of wind 
might occasionally cause the loss of one or both 
pollinia. 

During most years the pollen-masses of the many 
hundred flowers which were examined, adhered with 
the rarest exceptions to the stigma, with their discs still 
enclosed within the pouches. But in the year 1808, 
from some cause the nature of which I cannot conjecture, 
out of 1 16 flowers gathered in two localities in Kent, 
seventy-five retained both pollinia in their cells* ten 
had one pollinium, and only thirty-one had both 
adhering to the stigma. Long and often 'as I have 
watched plants of the Bee Oplirys, I have never seen 
one visited by any insect.* Robert Brown imagiiied 

* Mr. (I ward E. Smith, in his ‘Catalogue of Plants of S. Kent, 
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that the flowers resembled bees in order to deter their 
visits, but this seems extremely improbable. The 
flowers with their pink sepals do not resemble any 
British bee, and it is probably true, as I have heard it 
s$tid, that the plant received its name merely from the 
hairy labellum being; somewhat like the abdomen ot a 
humble-bee. Wo see how fanciful many of the names 
are, — one species being: called the Lizard and another 
the Frog Orchis. The resemblance of 0. muse ij era to* 
a fly is very much closer than that of 0. ajrifent to a 
bee; and yet the fertilisation of the former absolutely 
depends on and is effected by the means of insects. 

rAll the foregoing observations relate to England, 
but Mr. Moggridge made similar ones on the Bee 
Oplirvs in Northern Italy ipid Southern France, as did 
Trcviranus* in Germany, and Dr. Hooker in Morocco. 
We may therefore conclude, — from the pollinia spon- 
taneously falling on the stigma — from the co-related 
structure of all the parts for this purpose — and from 
almost all the flowers producing seed-capsules — that 
this plant has been specially adapted for self-fertilisa- 
tion. But there is another side to the case. 

WIiqii an object is pushed against one of the 
pouches of the rostellum, the lip is depressed, and the 
large viscid disc adheres firmly to it; and when the 
object is removed, so is the pollinium, but perhaps 
not quite so readily as in the other species of 
Oplirys. Even after the pollen-masses have naturally 
fallen out of their cells on to the stigma, their removal 
can sometimes be thus effected. As soon as the disc is 

1829, p. 25, says : 41 Mr. Trice cannot conjecture, 
has frequently witnessed attacks * ‘Hot. Zeitmig/ 18(>3, p. 241. 
made upon the Bee Orchis by a This botanist at first doubted my 
bee, similar to those of the observations on Ophryn apifera 
troublesome Apia niMcorum.” and aranifora , but has since fully 
What this sentoiico means I confirmed them. 
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drawn out of its pouch a movement of depression 
commences, by which the pollinium if attached to 
the front of an insect’s head would be brought into 
a proper position for striking the stigma. When a 
pollen-mass is placed on the stigma and then with- 
drawn, the elastic threads by which the packets are 
tied together break, and leave several packets on the 
viscid surface. In all other Orchids the meaning of 
•these several contrivances is unmistakably clear — 
namely, the downward movement of the lip of the ros- 
tellnm when gently pushed — the viscidity of the disc 
— the depression of the caudicle as soon as the disc 
is exposed to the air — the rupturing of the elastic 
threads — and the conspicuousness of the flower. Are 
we to believe that these adaptations for cross-fertilisa- 
tion in the lice Ophrys are absolutely purposeless, as 
would certainly be the case if tins species has always 
been and will always be self-fertilised ? It is, however, 
just possible that insects, although they have never 
been seen to visit the flowers, may at rare intervals 
transport the pollinia from plant to plant, during such 
seasons as that of 1868 , when the pollinia did not all 
fall out of the anther-icclls so as to reach the stigmas. 
The whole case is perplexing in an unparalleled degree, 
for we have in the same flower elaborate contrivances 
for directly opposed objects. 

That cross-fertilisation is beneficial to most Orchids, 
we may infer from the innumerable structures serving 
for this purpose which they present ; and I Jiave 
elsewhere shown in the case of many other groups of 
plants * that the benefits thus derived arfe of high 
importance. On the other hand, self-fertilisation is 
manifestly advantageous in as far as it ensures a fjill 

* 4 The Effects of Cross and Self-Fertilisation in the Vegetable 
Kingdom/ 1876. 
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supply of seed; and we luive seen with the other 
British species of Ophrys which cannot fertilise them- 
selves, how small a proportion of their flowers produce 
capsules. Judging therefore from the structure of 
the flowers of 0. apifera, it seems almost, certain that 
at some former period they were adapted for cross- 
fertilisation, but that failing to produce a suflioiency 
of seed they became slightly modified so as to fertilise 
themselves. It is, however, remarkable on this view; 
that none of the parts in question show any tendency 
to abortion — that in the several and distant countries 
which the plant inhabits, the flowers are still con- 
spicuous, the discs still viscid, and the caudicles still 
retain the power of movement when the discs are ex- 
posed to the air. The metallic points at the base of 
the labellum are however smaller than in the other 
species; and if these servo to attract insects, this dif- 
ference is of some signification. As it can hardly be 
doubted that 0. apifera was at first constructed so as 
to be regularly cross-fertilised, it may be asked will it 
ever revert to its former state ; and if it does not so 
revert, will it become extinct ? These questions cannot 
be answered, any more than in the case of those plants 
which are now propagated exclusively by buds, stolons, 
&c., but which produce flowers that rarely or never set 
any seed ; and there is reason to believe that a sexual 
propagation is closely analogous to long-continued 
self-fertilisation. 

Finally Mr. Moggridge has shown that in North 
Italy Ophrys apifera, aranifera, arachnites , and scolopax 
are connected by so many and such close intermediate 

links,* that all seem to form a single species in 



* r These forms are illustrated by ‘ Verhandlungcn dor Kaiserl. 
beautiful coloured drawings in Loop. Car. Akud.’ (Nov. Act.), 
the ‘ Flora of Mentone,’ pi. 43 to tom. xxxv. 1869. 

45; and in liis memoir in the 



Chap.II. HEItMINIUM M0N011CHIS. 59 

accordance with the belief of Linnwus, who grouped 
them all together under the name of Ophrys imedifera. 
Mr. Moggridge further shows that in Italy 0 . aranifera 
flowers first, and 0. a pi f era last, the intermediate 
forms at intermediate periods; and according to Mr. 
Oxen den, the same fact holds good to a certain extent 
in Kent. The three forms which inhabit England do 
not seem to blond into one another as in Italy, and I 
•am assured by Mr. Oxendcn, who .has closely attended 
to these plants in their native homes, that 0. aranifera 
and apifera always grow in distinct spots. The case 
therefore is an interesting one, as here we have forms 
which may be and generally have been ranked as true 
species, but which in North Italy have-not as yet been 
fully differentiated. The case is all the more interest- 
ing, as the intermediate forms can hardly be due to 
the crossing of 0. aranifera with apifera; this latter 
species being regularly self-fertilised and apparently 
never visited by insects. Whether we rank the several 
forms of Ophrys as closely allied species or as mere 
varieties of the same species, it is remarkable that 
they should differ in a character of such physiological 
importances as the flowers of some being plainly 
adapted for self-fertilisation, whilst the flowers of 
others are strictly adapted for cross-fertilisation, being 
utterly sterile if not visited by insects. 

Herminium monorchis . — The Musk Orchis, which is 
a rare British plant, is generally spoken of as having 
naked glauds or discs, but this is not strictly correct. 
The disc is of unusual size, nearly equalling the mass 
of pollen-grains : it is subtriangular, with onfe side pro- 
tuberant, and somewhat resembles a distorted helmet 
in shape : it is formed of hard tissue with the base 
hollowed out, and viscid; the base resting on and 
being covered by a narrow strip of membrane, which is 
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easily pushed away, and answers to the pouch in 
Orchis. The whole upper part of the helmet answers 
to the minute oval bit of membrane to which the 
caudielc of Orchis is attached and which in Ophrys 
is larger and convex. When the lower part of the 
helmet is moved by any pointed object, the point 
readily slips into its hollow base, and is there held so 
firmly by the viscid matter, that the whole helmet 
appears adapted to stick to some prominent part of an 
insect’s body. The caudicle is short and very elastic ; 
it is attached not to the apex of the helmet, but to the 
hinder end ; if it had been attached to the apex, the 
point of attachment would have been freely exposed to 
the air and not kept damp ; and then the pollinium 
when removed from its cell would not have been 
quickly depressed. 

This movement is well marked, and serves to bring 
the end of the pollen-mass into a proper position for 
striking the stigma. The two viscid discs stand wide 
apart. There are two transverse stigmatic surfaces, 
meeting by their points in the middle ; but the broad 
part of each lies directly beneath each disc. The 
labcllum is remarkable from not differing much in 
shape from the two upper petals, and from not always 
occupying the same position in reference to the axis 
of the plant, owing to the ovarium being more or less 
twisted. This state of the labellum is intelligible, for 
as we shall see, it does not serve as a landing-place for 
insects. It is upturned, and together with the two 
other petals makes the whole flower in some degree 
tubular. ‘At its base there is a hollow so deep as 
almost to deserve to be called a nectary ; but I could 
nqt perceive any nectar, which, as I believe, remains 
enclosed in the intercellular spaces. The flowers are 
very small and inconspicuous, but emit a strong honey- 
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like odour. They seem highly attractive to insects ; in 
a spike with only seven flowers recently open, four had 
both pollinia, and one had a single pollinium removed. 

When the first edition of this book appeared I did 
not know how the flowers were fertilised, but my son 
George lias made out the whole process, which is 
extremely curious and differs from that in any other 
Orchid known to me. He saw various minute insects 
entering the flowers, and brought home no less than 
twenty-seven specimens with pollinia (generally with 
only one, but sometimes with two) attached to them. 
These insects consisted of minute Hymcnoptera (of 
which Tdrastichm (liaphantm was the commonest), 
of Diptora and Coleoptera, the latter being Malthodes 
brevieollis. The one indispensable point appears to 
be that the insect should be of very small size, the 
largest being only the v \ r of an inch in length. The 
pollinia were always attached to the same place, 
namely, to the outer surface of the femur of one of the 
front legs, and generally to the projection formed by 
the articulation of the femur with the coxa. The 
cause of this peculiar mode of attachment is suffici- 
ently clear : the middle part of the labelluin stands so 
close to the anther and stigma, that insects always enter 
the flower at one corner, between the edge of the 
labelluin and one of the upper petals; they also almost 
always crawl in with their backs turned directly or 
obliquely towards the labelluin. My son saw several 
which began to crawl into the flowers in a different 
position ; but they came out and changed their posi- 
tion. Standing in either corner of the flower, with 
their backs turned towards the labellum, they insert 
their heads and fore legs into the short nectary, whmh 
is seated between the two widely separated viscid discs. 
I ascertained that they had occupied this position by 
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finding three dead insects, permanently glued to the 
discs. Whilst sucking the nectar, which takes two or 
three minutes, the projecting joint of the femur stands 
under the large helmet-like viscid disc on either side ; 
and when the insect retreats, the disc exactly fits oil 
and is glued to the prominent joint, or to the surface 
of the femur. The movement of depression in the 
caudicle now takes place, and the mass of pollen-grains 
then projects just bqyond the tibia ; so that the insect; 
when entering another flower, can hardly fail to ferti- 
lise the stigma, which is situated directly beneath the 
disc on either side. 


Fig. 0. 



PiausTYM-s viniDis, on Frog Orchis. 

Front, view of flower, 

anther. nV. lateral nectaries. 

s. stigma. L iabellum. 

n. orifice of central nectary. 

* Perwtylw viridis . — This plant, which bears the odd 
mfcne of the Frog Orchis, has been placed by many 
botanists in the genus Habenaria or Platanthera; but 
as the discs are not naked, it is doubtful whether this 
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classification can be correct. Tlio rostclla are small 
and widely separated from each other. The viscid 
matter on the under side of the disc forms ail oval ball 
which, is enclosed within a small pouch. The upper 
membrane to which the caudide is attached is of large 
size relatively to the whole disc, and is freely exposed 
to the air. Hence probably it is that the pollinia when 
removed from their cases do not become depressed 
-until, as Mr. T. H. Farrer has .observed, twenty or 
thirty minutes have elapsed. Owing to this long 
interval, I formerly thought that they did not undergo 
any movement of depression. Supposing a pollinium 
to be attached to the head of an insect, and to have 
become depressed, it will stand at the proper angle, 
vertically, for striking the stigma. But from the 
lateral position of the anther-cells, notwithstanding 
that they converge a little towards their upper ends, 
it is diflieult at first to see how the pollinia when 
removed by insects arc afterwards placed on the 
stigma ; for this is of small size and is situated in the 
middle of the flower between the two widely separated 
rostclla. 

The explanation is, 1 believe, as follows. The base 
of the elongated labellum forms a rather deep hollow 
in front of the stigma, and in this hollow, but some way 
in advance of the stigma, a minute slit-like orifice (n) 
leads into a short bilobed nectary. Hence an insect, 
in order to suck the nectar with which the nectary is 
filled, would have to bend down its head in front of 
the stigma. The labellum has a medial ridge, which 
would probably induce an insect first to alight on 
either side ; but, apparently to make sure of thfe, 
besides the true nectary, there are two spots (nn) whi£h 
secrete drops of nectar on each side at the base of 
the labellum, bordered by prominent edges, directly 



64 


OPHREiE. 


Chap. II. 


beneath the two pouches. Now let us suppose an insect 
to alight on one side of the labcllum so as first to lick 
up the exposed drop of nectar on this side ; from the 
position of the pouch exactly over the drop, it would 
almost certainly get the pollinium of this side attached 
to its head. If it were now to go to the mouth of the 
true nectary, the pollinium attached to its head from 
not having as yet become depressed would not touch 
the stigma; so that there would be no smf-fertilisation. 
The insect would thou probably suck the exposed drop 
of nectar on, the other side of the label lum, and would 
perhaps get another pollinium attached to its head ; it 
would thus be considerably delayed by having to visit 
the three nectaries. It would then visit ether (lowers 
on the same plant, and afterwards Howe - " on a distinct 
plant; and by this time, but not before, tbe pomma 
will have undergo e the movement of depression and 
will be in a proper position for effecting cross-fertilisa- 
tion. It thus appears that the vretion of nectar at 
three separate point.} of the labcllum, — the wide dis- 
tance apart of the two rostella,- -and the slow down- 
ward movement of the caudiele without any lateral 
movement— are 11 correlated lor the same purpose of 
'Toss-ferti 1 i sation. 

To what extent tMs Orchis is frequented by insects, 
and win A the kinds are, I do not know, but several of 
the flowers on two spikes, sent me by the I lev. II. 8. 
Malden, had a single pollinium removed, and one 
flower had both removed. 

c 

•We )\v come to twe wra, namely, Cymnadenia 
tftid Habenariu or Platantliero, including four British 
species, which have uncovered viscid discs. The viscid 
matter, as before remarked, is of a somewhat different 
nature from that in Orchis, Ophrys, &e., and does not 
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rapidly set hard. Their nectaries are stored with free 
nectar. With respect to the uncovered condition of 
the discs, the last species, or Peristylus viridis, is in 
an almost intermediate condition. The four following 
species compose a much broken series. In Gymna- 
denia conopsea the vicid discs are narrow and much 
elongated, and lie close together; in G. albida they 
are less elongated, but still approximate ; in Habenaria 
Jbifulia they are oval and far apart ; and, lastly, in H. 
chlorautha they art; circular anti much farther apart. 

Gymnadenia conopsea.- In general appearance this 
plant resembles pretty closely a true Orchis. The 
pollinia differ in having naked, narrow, strap-shaped 


Fig. 10. 



G Y3I X ADKX I A COM IP3KA. 


illinium, before the act of B. Poll iiiium, after the act of de- 
ilcjiressii .. pression, but before it has 

closely clasped the disc. 

discs, which are as long as the eaudicles (tig. 10). 
When the pollinia are exposed to the air the caudide 
is depressed in from thirty to sixty seconds ; and as 
the posterior surface of the caudicle i^ slightly hol- 
lowed out, it closely clasps the upper membranous 
surface of the disc. T he mechanism of this movement 
will be described in the last chapter. The elastic 
threads by which the packets of pollen are bound to- 
gether are unusually weak, as is likewise the case with 

v 
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the two following species of Habenaria : this was well 
shown by the state of specimens which had been kept 
in spirits of wine. This weakness apparently stands in 
relation to the viscid matter of the discs not setting 
hard and dry as in Orchis; so that a moth with a 
pollininm attached to its proboscis might be enabled to 
visit several flowers without having the whole polli- 
Jiium draggl'd oil* by the first stigma which was struck. 
Tlie two strap-shaped discs lie close together, and form 
the arched roof of the entrance into the nectary. 
They are not protected, as in Orchis, by a lower lip or 
pouch, so that the structure of the rostellum is simpler. 
When wo come to treat of the homologies of the ros- 
tellum we shall see that this difference is due to a 
small change, namely, to the lower and exterior cells 
of the rostellum resolving themselves into viscid 
matter ; whereas in Orchis the exterior surface retains 
its early cellular or membranous condition. 

As the two viscid discs form the roof of the mouth of 
the nectary, and are thus brought down near to the 
labellum, the two stigmas, instead of being confluent 
and standing beneath the rostellum, as in most of 
the species of Orchis, are lateral and separate. These 
stigmas consist of protuberant, almost horn-shaped, 
processes on each side of the nectary. That their 
surfaces are really stigmatic I ascertained by finding 
them deeply penetrated by a .multitude of pollen- 
tobes. As in the case of Orchis pyramidalia, it is a 
pretty experiment to push a fine bristle straight into 
the narrow mfiutli of the nectary, and to observe how 
certainly the narrow elongated viscid discs, forming 
the roof, stick to the bristle. When the bristle is 
withdrawn, the polliuia adhering to its upper side 
are withdrawn; and as the discs form the sides of 
the arched roof, they adhere somewhat to the sides 
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of the bristle. They then quickly become depressed so 
us to lie in the same line with the bristle, — one a little 
on one side, and the other on the other side ; and if 
the bristle, held jn the same relative position, be now 
inserted into the nectary of another flower, the two 
ends of the pollinia accurately strike the two protu- 
berant stigmatic surfaces, situated on each side of the 
mouth of the nectary. 

The flowers smell sweet, and- the abundant nectar 
always contained in their nectaries seems highly 
attractive to Lepidoptera, for the pollinia are soon and 
effectually removed. For instance/ in a spike with 
forty-five open flowers, forty-one had their pollinia 
removed, or had pollen left on their stigmas: in 
another spike with fifty-four flowers, thirty-seven had 
both pollinia, and fifteen had one pollinium, removed ; 
so that only two flowers in the whole spike had neither 
pollinium removed. 

My son George went at night to a bank where 
this species grows plentifully, and soon caught Plush t 
chrysitix with six pollinia, P. gamma with three, Auaiiix 
plagiata with five, and Triphwna pronuha with seven 
pollinia attached to their proboscides. I nniy mid 
that lie also caught the first-named moth in mv 
flower-garden, with the pollinia of this Orchis attached 
to its proboscis, but with all the pollen-grains removed, 
although the garden is a quarter of a mile distant from 
any spot where the plant grows. Many of the above 
moths had only a single pollinium attached, somfiwhat 
laterally to their proboscides; and this would happen 
in every case, unless the moth stood directly in front 
of the nectary and inserted it proboscis exactly be- 
tween the two discs. But as the labellum is rather 
broad and flat, with no guiding ridges like those on 
the labellum of Orchis pyramidalis, there is nothing to 
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compel moths to insert their proboscides symmetrically 
into the nectary, and there would be no advantage in 
their doing so. 

Gymnadenia albida . — The structure of the flower of 
this specie^* resembles in most respects that of the 
last ; but, owing to the upturning of the label linn, it 
is rendered almost tubular. The naked elongated 
discs are minute and approximate. The stigmatie sur- 
faces are partially lateral and divergent. The nectary ' 
is short, and full of nectar. Small as the flowers are, 
they seem highly attractive to insects : of the eighteen 
lower flowers oir one spike, ten had both, and seven 
had one pollinium removed ; on some older spikes all 
the pollinia had been removed, except from two or 
three of the uppermost flowers. 

Gymnadenia odoratissima is an inhabitant of the 
Alps, and is said by Dr. H. Muller* to resemble in 
all the above characters G. conopxea. As the flowers, 
which are pale coloured and highly perfumed, are not 
visited by butterflies, he believes that they are fertilised 
exclusively by moths. The North American G. tri - 
dentata , described by Professor Asa Gray,t differs in an 
important manner from the foregoing species. The 
anther opens in the bud, and the j>ollen-grains, which 
in the British species are tied together by very weak 
threads, are here much more incoherent, and some in- 
variably fall on the two stigmas and on the naked 
cellular tip of the rostellum; and this latter part, 
strange to say, # is penetrated by the pollen-tubes. The 
flowers are thus self-fertilised. Nevertheless, as Pro- 
fessor Gray adds, “ all the arrangements for the removal 

‘Nature,* Dec. 31, 1874, p. note p. 260; and v«»l. xxxvi. 18G3, 
169. p. 293. In the latter paper lie 

t 4 American Journal of Science,’ ndds some lcmurks on G.Jlava and 
vol. xxxiv. 1862, p. 426, and foot- nivea. 
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of the pollinia by insects, including the movement of 
depression, are as perfect as in the species which 
depend upon insect aid.” Hence there can be little 
doubt that this species is occasionally cross-fertilised. 


i-ig. 11 . 



HaIIKNARIA C1ILOUANT11A, OR Ul'TTKKFLY ORCHIS. 


’#«. anther-cells. 

/. »lihC of pulliuium. 
stigma, 
nectary. 

orifice of nectary. 

/. labelluin. 

A. Flower viewed in front, with nil 
the sepals ami petals removed 
except the label lum with its 
nectary, which is turned to one 
side. 


11. A pollinium. (This has hardly 
a sutliciontly elongated appear- 
am .) The drum-like pedicel 
is hidden behind the disc. 

C. Diagram, giving a section 
through the viscid disc, th ? 
drum-like pedicel, aiM the 
attached Aid of the caudicle. 
The viscid disc is formed of an 
upper membrane with a layer 
of viscid matter beneath. 


Hdbenaria or PlcUanthera chlorantha . — The pollinia 
of the Large Butterfly Orchis (lifter considerably from 
those of any species hitherto mentioned. The two 
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anther-cells are separated from each other by a wide 
space of connective membrane, and the pollinia are 
enclosed in a backward sloping position (fig. 11). The 
viscid discs front each other, and stand in advance of 
the stigmatic surface. In consequence of their forward 
position, the caudidcs and pollen-masses are much 
elongated. Each viscid disc is circular, and, in the 
early bud, consists of a mass of cells, ol‘ which the 
exterior layers (answering to the lip or pouch in 
Orchis) resolve themselves into adhesive matter. This 
matter has the property of remaining adhesive for at 
least twenty-four hours after the polliiiiuui has been 
removed from its cell. The disc, externally covered 
with a thick layer of adhesive matter (see tig. (■, 
which stands so that the layer of viscid matter is below) 
is produced on its opposite and embedded side into 
a short drum-like pedicel. This pedicel is continuous 
with the membranous portion of the disc and is formed 
of the same tissue. The caudiclo of the pollinium is 
attached in a transverse direction to the embedded end 
of the pedicel, and its extremity is prolonged, as a bent 
rudimentary tail, just beyond the drum. The caudiole 
is thus united to the viscid disc in a very different 
manner, and in a plane at right angles, to what occurs 
in the other British Orchids. •In the short drum- 
like pedicel, we have a small development of the long 
pedicel of the rostellum, which is so conspicuous in 
many Vandeae, and which connects the viscid disc with 
the tone caudieles of the pollinia. 

The drum-lfte pedicel is of the highest importance,. 

not only by rendering the viscid disc more prominent 

and more likelv to stick to the face of an insect whilst 
«/ 

inserting its proboscis into the nectary beneath the 
stigma, hut on account of its power of contraction. 
The ]iollinia lie inclined backwards in their cells (see 
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fig. A), above and some way on each side of the stig- 
matic surface ; if attached in this position to tin? head 
of an insect, the insect might visit any number of 
flowers, and no pollen would be left on the stigma. 
Hut observe what takes place : in a few seootfds after the 
inner end of the drum-like pedicel has been removed 
from its embedded position and exposed to the air, one 
side of the drum contracts, and this contraction draws 
the thick end of the pollinium inwards, so that the 
caudicle and the viscid surface of the disc are no longer 
parallel, as they were at first, and as they are repre- 
sented in the section, fig. 0. At the same time the 
drum rotates through nearly a quarter of a circle, and 
this moves the caudicle downwards, like tin* hand of 
a clock, depressing the thick end of the pollinium or 
mass of pol leu-grains. Let us suppose the right-hand 
disc to be affixed to the right side of an insect's face, 
ami by the time required lor the insect to visit 
another flower on another plant, the pollen-bearing 
cud of the pollinium will have moved downwards 
and inwards, and will now infallibly strike the viscid 
surface of the stigma, situated in the middle of the 
flower beneath and between the two anther-cells. 

The little rudimentary tail of the caudicle projecting 
beyond the drum-like pedicel is an interesting point 
to those who believe in the modification of species ; 
for it shows us that the disc has been carried a little 
inwards, and that primordially the two discs stood even 
still further in advance of the stigma t-lmn they do 
at present. We thus learn that the parent-form ap- 
proached in this respect the structure of that extra- 
ordinary Orchid, the Itonatea npeciom of the Cape of 
Good Hope. 

The remarkable length of the nectary, containing 
much free nectar, the white colour of the conspicuous 
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flowers, and the strong sweet odour emitted by them at 
night, all show that this plant depends for its fertilisa- 
tion on the larger nocturnal Lepidoptera. I have 
often found spikes with almost all the pollinia removed. 
From the lateral position and distance of the two 
viscid discs from each other, the same moth would 
generally remove only one pollinium at a time; and 
in a spike which had not as yet been much visited, 
three flowers had both pollinia, and eight flowers had 
only one pbllinium removed. From the position of 
the discs it might have been anticipated that they 
would adhere to the side of the head or face of moths ; 
and Mr. F. Bond sent me a specimen of lladena dentina 
with one eye covered and blinded by a disc, and a 
specimen of Plusia v. aureum with a disc attached to 
the edge of the eye. Mr. Marshall* collected twenty 
specimens of Cueullia umbratica on an island in Der- 
wentwater, separated by half-a-mile of water from any 
spot whore H. chlorantha grew ; nevertheless, seven of 
these moths had the pollinia of this Orchid affixed to 
their eyes. Although the discs are so adhesive that 
almost all the pollinia in a bunch of flowers which was 
carried in my hand and thus shaken were removed 
by adhering to the petals or sepals, yet it is certain 
that moths, probably the smaller species, often visit, 
these flowers without removing the pollinia; for on 
examining the discs of a large number of pollinia 
whilst still in their cells 1 found minute Lepido- 
pterous scales glued to them. 

The cause of the flowers of various kinds of Orchids 
being constructed so that the pollinia are always 
affixed to the eyes or proboscides of Lepidoptera, and 
to the naked foreheads or proboscides of Hymenoptern, 

* ' Nature,’ Sept. 1'2, 1872, p. 898. 
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no doubt is that the viscid discs cannot adhere to 
a scaly or very hairy surface; the scales themselves 
being easily detached. Variations in the structure of 
the flower of an Orchid, unless they led to the viscid 
discs touching some part of the body of an insect 
where they would remain firmly attached, would bo of 
no service, but an injury to the plant ; and consequently 
such variations would not be preserved and perfected. 

# Habenaria bifolia, or Lesser Butterfly Orchis . — I am 
aware that this form and the lust are considered by 
Mr. Bentham and by some other botanists as mere 
varieties of one another ; for it is said that intermediate 
gradations in the position of the viscid discs occur. 
But we shall immediately see that the two forms 
differ in a large number of other characters, not to 
mention general aspect and the stations inhabited, with 
which we are not here concerned. Should these two 
forms be hereafter proved to graduate into each other, 
independently of hybridisation, it would be a remarkable 
case of variation ; and 1, for one, should be as much 
pleased os surprised at the fact, for these two forms 
certainly differ from one another more than do most 
species belonging to the same genus. 

The viscid discs of the Lesser Butterfly Orchis are 
oval, and face each other. They stand far closer 
together than in the last species ; so much so, that in 
the bud, when their surfaces are cellular, they almost 
touch. They are not placed so low down relatively to 
the mouth of the nectary. The viscid, matter ft of 
a somewhat different- chemical nature, as shown by 
its much greater viscidity, if after having been long 
dried it is moistened, or after being kept in weak 
spirits of wine. The drum-like pedicel can hardly be 
said to be present, fyut j 8 represented by a longitudinal 
ridge, truncated at the end where the caudicle is 
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attached, and there ia hardly a vestigo of the rudi- 
mentary tail. In fig. 12 the discs of both species, 

of the proper ])roportional 
sizes, are represented as seen 
vertically from above. The 
pollinia, after removal from 
their cells, undergo nearly the 
same movements as in the last 

li. I>i$e ana cHudicie oi //. chlo- . T i ii ,i 1 

rant ha, soon from above, SpCClOS. Ill both forms tlH J 



with the drum-likepetiit;«i movement is well shown bv 

fiuv-snorteuej. . " 

A. His.- iiml camiide of it . w- removing a pollinium by the 

Jolt I, soon from above. thick 011(1 wi til tt pair of pill- 

c6rs, and holding it under the microscope, when th 
plane of the viscid disc will be seen to move through 
an angle of at least forty-live degrees. The eaudicles 
of the Lesser Butterfly Orchis are relatively very much 
shorter than in the other species; the little packets 
of pollen are shorter, whiter, and, in a mature flower, 
separate much more readily from one another. Lastly, 
the stiginatic surface is differently shaped, being more 
plainly tripartite, with two lateral prominences, situ- 
ated beneath the viscid discs. These prominences 
contract the mouth of the nectary, making it sub- 
quadrangular. Hence 1 cannot doubt that the Larger 
and Lesser Butterfly Orchids are distinct species, 
masked by close external similarity.* 

As soon as I had examined the present species, 


According to* Dr. H. Muller, 
llahnuiria or Natanthera bifolia 
of English authors in the P. «ol- 
atitiali s of Bocuuinghuusen ; and 
lie fully agrees with mo that it 
rnhst be milked ns specifically 
distinct from P. chlorantha. Dr. 
Muller states that this latter 
species \ is connected by a series 
of gradations with another form 


which in Germany is called /\ 
hi folia. He gives a very full aid 
interesting nccount of the varia- 
bility of these three forms of 
Platanthera , and of their structure 
in relation to their manner of fer- 
tilisation : ‘ Verhandl. d. Nat. 
Verein. f. Pr. Rh. u. Westfal.’ 
Jabrg. xxv. III. Folge, v. Bd. pp. 
36-38. 
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i felt convinced, from the position of the viscid discs, 
that it would be fertilised in a different manner from 
the Larger Butterfly Orchis; and now, owing to the 
kindness of Mr, F. Bond, I have examined two moths, 
namely, Agroti h segetum and Anaitis plagiata, one with 
three pollinia, and the other with live pollinia, attached, 
not to the eyes and side of the face as in the last 
species, but to the base of the proboscis. I may 
remark that the pollinia of these twb species of Habe- 
naria, when attached to moths, can be distinguished at 
a glance. 

Professor Asa Gray has described* the structure* of 
no less than ton American species of Platan ther a* 
Must of them resemble in their manner of fertilisation 
the two British species; but some of the species, in 
which the viscid discs do not stand far apart, have 
curious contrivances, such as a channelled lubollum, 
lateral shields, Ac., compelling moths to insert their 
proboscides directly in front. P. hooker i\ on the other 
hand, differs in a very interesting manner : the two 
viscid discs stand widely separated from each other; 
consequently a moth, unless of gigantic size, would be 
able to suck the copious nectar without touching either 
disc ; but this risk is avoided in the following manner : 
— the central line of the stigma is prominent, and the 
labellum, instead of hanging down, as in most of the 
other species, is curved upwards, so that the front of 
the flower is made somewhat tubular and is divided 
into halves. Thus a moth is compelled to go to ftie 
one or other side, and its face will almost certainly be 
brought into contact with one of the discs. The drum 
of the pollinium, when removed, contracts in thg 
same manner as I have described under P. chloranthd. 

* ( American Journal of ’Science,* vol. xxxiv. 1862, pp. 143, 259, 
and 424 , and vol. xxxvi. 1863, p. 292. 
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Professor Gray has seen a butterfly (Nisoniadcs) from 
Canada with a pollinium of this species attached to 
each eye. In the case of P.flava ,' moths are compelled 
in a different manner to enter the nectary on one side. 
A narrow but strong protuberance, rising from the base 
of the labellum, projects upwards and backwards, so 
as almost to touch the column ; thus the moth, being 
forced to go to either side, is almost sure to withdraw 
one of the viscid ’discs. P. hyperborea and dilatata 
have been regarded by some botanists as varieties of 
the same species; anil Professor Asa Gray says that 
he was formerly tempted to come to the same con- 
clusion; but on closer examination he finds, besides 
other characters, a remarkable physiological difference, 
namely, that P. dilatata , like its congeners, requires 
insect aid and cannot fertilise itself; whilst in P. 
hyperborea the pollen-masses commonly fall out of the 
anther-cells whilst the flower is very young or in bud, 
and thus the stigma is self-fertilised. Nevertheless, the 
various structures adapted for crossing are still present.* 
The genus Bonatea is closely allied to Habenaria, 
and includes plants having an extraordinary structure. 
Bonatea speciosa is an inhabitant of the Cape of Good 
Hope, and has been carefully described by Mr. Trimen ;t 
but it is impossible to explain its structure without 
drawings. It is remarkable from the manner in which 
the two stigmatic surfaces, as well as the two viscid 
discs, project far out in front of the flower, and from 
the complex nature of the labellum, which consists of 
seven, qr probably of nine distinct parts all fused 

* Mr. J. Mansel Weale has do- poll iniu not undergoing any move- 

igcribed (‘ Journ. Lin. Soc. liot.* ment or change of position when 
vol. xiii. 1871, p. 47) the method of removed from their cases, 
fertilisation of two South African f ‘ Journ. Linn. Sue. Bat/ vol. 
species of Habenaria : one of ix. 1865, p. 156. 
these is, remarkable from the 
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together. As in Platanthera flava, there is a process 
at the base of the labellum which compels moths to 
’ enter the flower on either side. The nectary, accord- 
ing to Mr. Trimen and Mr. J. Mansel "YVeale, does not 
contain free nectar; but the latter author believes 
that the tissue of which it is composed tastes sweet, so 
that moths probably penetrate it for the sake of the 
intercellular fluid. The pollinia are of astonishing 
length, and when removed from their cases hang down 
merely from the weight of the pollen-mosses, and if 
attached to the head of an insect would be in a proper 
position for adhering to the stigma. Mr. Weale has 
likewise described some other South African speciea 
of Bonatea.* These differ from B. speciom in having 
their nectaries full of nectar. He found a small 
butterfly, Byrtjus elmo, “ perfectly embarrassed by the 
number of pollinia of this Bonatea attached to its 
sternum.” But he does not specify whether the 
sternum was naked or covered with scales. 

The South African genera l)isa and Disperis are 
placed by Lindley in two sub-tribes of the Ophreae. 
The superb flowers of Dim grandijlora have been 
described and figured by Mr. Trimen.f The posterior 
sepal, instead of the labellum, is developed into a large 
nectary. In order that insects may reach the copiously 
stored nectar, they must insert their proboscides on 
either side of the column; and in accordance with 
this fact the viscid discs are turned outwards in an 
extraordinary manner. The pollinia are crooked, and 
when removed bend downwards from their own’ weight, 
so that no movement is necessary for placing themselves 
in a proper position. Considering the large supply of 

* ‘ Joiirn. Linn. Soc. Bot» vol. t * Journ. Linn, Soc. Bot* vol. 
x. p. 471). vii. 1863, p. 144. 
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nectar and that the flowers are very conspicuous, it 
is remarkable that they are rarely visited by insects. 
Mr. Trimen wrote to me in 1 8154 that he had lately 
examined seventy-eight flowers, and only twelve of 
these had one or lxrtli poll ini a removed by insects, 
and only five had pollen on their stigmas. He does 
not know what insects occasionally fertilise the flowers : 
but 3Irs. Barber has more than once seen a Inure flv, 
allied to Bnmhylius, with the jxdlinia of Visa 'pohjtjnoidns 
attached to the base of its probuscis. Mr. Weale states* 
that IK maerantha differs from I). t/mndij Horn and eornata 
in producing plenty of seed, and is remarkable from 
•often fertilising itself. This follows from “ a very slight 
jerk, when the flower is fully expanded, suftieing to 
eject the pollinia from their widely open anther-eases, 
and to bring them into contact with the stigma. 
This in nature is not nnseldom the case, as I have 
repeatedly found many flowers thus fertilised.” He 
has, however, ho doubt, that the flowers are likewise 
cross-fertilised by nocturnal insects, fje adds that 
V. grandi flora in being so seldom fertilised by insects 
offers a case like that ot Ojltnjs rnuxcifera ; whilst 
D. maerantha in being often self-fertilised closely cor- 
responds with Ojfliryn up f era ; but this latter speck* 
seems to be invariably self-fertilised. 

Lastly, Mr. Weale has described, t as far as he could 
make out, the manner in which a species of Disperis 
is fertilised by the aid of insects. It deserves notice 
that the labellum and two lateral sepals of this plant 
secrete neernr. 

We have now finished with the Ophreae ; but before 
•passing on to the following tribes, I will recapitulate 

* -Jmirn. Lina. Soc. Bot.’ vol. + • Journ. Linn Soc. Hot.’ vnl. 
xiii. 1871, p. 45. xiii. 1871, p. 42. 
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the chief facts with respect to the movements of the 
pollinia, all due to the nicely regulated contraction of 
that small portion of membrane (together with the 
pedicel in the case of Habenaria) lying between the 
layer or ball of adhesive matter and the extremity of 
the caudielc. In a few cases, however, as with some 
of the species of I lisa and Bonatea, the caudieles when 
removed from their cells do not undergo any movement ; 
the weight of the pollen-masses sufficing to depress 
them into a proper position. In most of the species of 
Orchis the stigma lies directly beneath the anther-cells, 
and the pollinia simply move vertically downwards. 
In Orchis ptjrainidaUs there are two lateral and inferior 
stigmas, and the pollinia move downwards and outwards, 
diverging to the proper angle, so as to strike the two 
lateral stigmas. In Oymnadenia the pollinia move 
only downwards, but they are adapted for striking the 
lateral stigmas, by being attached to the upper lateral 
surfaces of the proboscides of Lepidoptera. In Nigri- 
tellu they move upwards, but this depends merely on 
their being always affixed to the lower side of the 
proboscis. In Habenaria the stigmatie surface lies 
beneath and between the two widely-separated anther- 
cells, and the pollinia here converge, instead of diverg- 
ing as in Orchis pyramidalis, and likewise move down- 
wards. A poet might imagine that whilst the pollinia 
were borne through the air from flower to flower, 
adhering to an insect’s body, thoy voluntarily aud 
eagerly placed themselves in that exact position,.* in 
which alone they could hope to gain tli&ir wish and 
peqietuate their race. 
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CHAPTER III. 

ABETHUSE.E. 

Cephulnntbera grand id ora; rostellum alerted ; early penetration of the 
pollen-tubes; case of imperfect self-fertilisation; cross-fertilisation 
effected by insects which gnaw the labelluin — Cephnlimthera ensi- 
folia — Pogonia— Pterostylis and other Australian orchids with the 
Inhellum sensitive to a touch — Vanilla— Sob ralia. 

V 

Cephalcinthem gran di flora . — This Orchid is remark- 
able from not possessing a rostellum, which is so 
eminently characteristic of the order. The stigma is 
large, and the anther stands above it. The pollen 
is extremely friable and readily adheres to any object. 
The grains are tied together by a few weak elastic 
threads ; but they are not cemented together, so as to 
torm compound pollen-grains, as in almost all other 
Orchids.* In this latter character and in the complete 
abortion of the rostellum we have evidence of degrada- 
tion ; and Cephalanthera appears to me like a degraded 
Epipactis, a member of the Neotteie, to be described in 
the next chapter. 

The anther opens whilst the flower is in bud and 
partly expels the pollen, which stands in two nearly 
free upright pillars, each nearly divided longitudinally 
into halves. * These subdivided pillars rest against or 
even overhang the upper square edge of the stigma, 
which rises to about one-third of their height (see front 

* This separation of the grains by Lindley in his magnificent 
was observer], and is represented, ‘ illustrations of Orchidaceous 
by Hauer in the plate published Plants/ 
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view B, and side view C, in fig. 13). Whilst the flower 
is still in bud, the pollen-grains which rest against the 
upper sharp edge of the stigma (but not those in the 
upper or lower parts of the mass) emit a multitude of 

Fiir. l 



CmiALAXTIIKlLA iiRAXDl FLORA. 


a. anther; in the front view, l\ 
the two cells with the included 
pollen are seen. 

o. one of the two lateral rudimen- 

tary anthers, or auricles. 

p. masses of pollen, 
s. stigma. 

/. distal portion of the labcllum. 


A. Oblique view of perfect flower, 
when fully expanded. 

11. Front view of column, with all 
the petals and sepals removed. 

0. Side view of column, with all the 
sepals and petals removed : the 
narrow pillars of pollon^(p) 
between the Either and stigma 
can just be seen. . 


tubes ; and these deeply penetrate the stigmatic tissue. 
After this period the stigma bends a little forward, anfl 
the result is that the two friable pillars of pollen are 
drawn a little forward and stand almost completely free 

a 
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from the anther-cells, being tied to the edge of the 
stigma and supported by the penetration of the pollen- 
tabes. Without this support the pillars would soon fall 
down. 

The flower stands upright, with the lower part of 
the labellum turned up parallel to the column (flg. A). 
The tips of the lateral petals never become separated ;* 
so that the pillars of pollen are protected from the 
wind, and as the jflower stands upright they do not 
fall down from their own weight. These are points of 
much importance to the plant, as otherwise the pollen 
would have been blown or fallen down and been 
jvasted. The labellum is formed of two portions ; when 
the flower is mature, the small triangular distal jjortion 
turns down at right angles to the basal portion ; and 
thus offers a small landing-place for insects in front, 
of the triangular entrance, situated half-way up the 
almost tubular flower. After a short time, as soon as 
the flower is fully fertilised, the small distal portion 
of the labellum rises up, shuts the triangular door, and 
again perfectly encloses the organs of fructification. 

Although I have often searched for nectar within the 
cup of the labellum, I have never found even a truce. 
The terminal portion of the labellum is frosted with 
globular papilla) of an orange colour, and within the 
cup there are several transversely wrinkled, longi- 
tudinal ridges of a darker orange tint. These ridges 
are often gnawed by some animal, and I have found 
minute, bitten-off fragments lying within the base of the 
cup. In thfe summer of 1802 the flowers were visited 
less frequently by insects than is usual, as shown by 
the unbroken state of the pollen-masses ; nevertheless, 

Ifetuer figures the flowers sny is Dint I lmvo not seen them 
much more widely exptmde I tlmn in Ihjjj condition, 
is here represented : ull that I e m 
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out of seventeen flowers which were examined one day, 
five had their ridges gnawed, and on the next day, 
‘ seven out of nine other flowers were in this state. As 
there was no appearance of slime, I do not believe 
that they had been attacked by slugs; but whether 
they had been gnawed by winged insects, which alone 
would be effectual for cross-fertilisation, I know not. 
The ridges had a taste like that of the labellum of 
certain Vandeio, in which tribe (as *we shall hereafter 
see) this part of the flower is often gnawed by insects. 
Oephalanthera is the only British Orchid, as far as I 
have observed, which attracts insects, by thus offering 
to them solid food. 

The early penetration of the stigma by a multitude 
of pollen-tubes, which were traced far down the stigmatic 
tissue, apparently gives us another case, like that of the 
Bee Ophrys, of perpetual sell-fertilisation. I was much 
surprised at this fact, and asked myself : Why does the 
distal portion of the labellum open for a short period? 
what is the use of the great mass of pollen above and 
below' that layer of grains, the tubes of which alone 
penetrate the upper edge of the stigma ? The stigma 
has a large flat viscid surface ; and during several years 
I have almost invariably found masses of pollen adher- 
ing to its surface, and the friable pillars by some means 
broken down. It occurred to me that, although the 
flowers stand upright, and the pillars are well pro- 
tected from the wind, yet that the pollen-masses might 
ultimately topple over from their own weight, and So 
fall on the stigma, thus completing the act of self-fer- 
tilisation. Accordingly, I covered with a net a plant 
having four buds, and examined the flowers as soon as 
they had withered ; the broad stigmas of three of them- 
were perfectly free frogi pollen, but a little had fallen 
on one corner of the fourth. With the exception of 

G 2 * 
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the summit of one pillar in this latter flower, all the 
other pillars still stood upright and unbroken. I looked 
at the flowers of some surrounding plants, and every- 
where found, as I had so often done before, broken-down 
pillars and masses of pollen on the stigmas. 

Prom the usual state of the pillars of pollen, as 
well as from the gnawed condition of the ridges on the 
labellum, it may be safely inferred that insects of some 
kind visit the flowers, disturb the pollen, and leave 
masses of it on the stigmas. We thus see that the 
turning down of the distal portion of the labellum, by 
which a temporary landing-place and an open door are 
‘ afforded, — the upturned labellum, by which the flower 
is made tubular so that insects are compelled to crawl 
close by the stigmatic surface, — the pollen readily 
cohering to any object, and standing in friable pillars 
protected from the wind, — and, lastly, the large masses 
of pollen above and below that layer of grains, the 
tubes of which alone penetrate the edge of the stigma, — 
are all co-ordinated structures, far from useless ; and 
they would be quite useless if these flowers were always 
self-fertilised. 

To ascertain how far the early penetration of the 
upper edge of the stigma by the tubes of those grains 
which rest on it, is effectual for fertilisation, I covered 
up a plant, just before the flowers opened, and removed 
the thin net as soon as they had begun to wither. From 
long experience I am sure that this temporary cover- 
ing could jiot have injured their fertility. The four 
covered flowers produced seed-capsules as fine in ap- 
pearance as those on any of the surrounding plants. 
When ripe, I gathered them, and likewise capsules 
from several of the surrounding plants, growing under 
similar conditions, and weighed. the seed in a chemical 
balance. The seeds from the four capsules on the 
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uncovered plants weighed 1'5 grain; whilst those 
.from an equal number of capsules on the covered plant 
weighed under 1 grain ; but this does not give a fair 
idea of the relative difference of their fertility, for I 
observed that a great number of the seeds from the 
covered plant consisted of minute and shrivelled husks. 
Accordingly I mixed the seeds well together, and took 
foiy* little lots from one heap and four little lots from 
the other heap, and, having soaked them in water, com- 
pared them under the microscope : out of forty seeds 
from the uncovered plants there were only four bad 
ones, whereas out of forty seeds from the covered-up 
plants there were at least twenty-seven bad ; so that * 
there were nearly seven times as many bad seeds from 
the covered plants, as from those left free to the access 
of insects. 

We may therefore conclude that this orchid is 
constantly self-fertilised, although in a very imperfect 
manner ; but this would bo highly useful to the plant, 
if insects foiled to visit the flowers. The penetra- 
tion of the pollen-tubes, however, is apparently even 
more serviceable by retaining the pillars of pollen in 
their proper places, so that insects, in crawling into the 
flowers, may get dusted with pollen. Self-fertilisation 
also may, perhaps, be aided by insects, carrying pollen 
from the same flower on to the stigma ; but an insect 
thus smeared with pollen could hardly fail likewise to 
cross the flowers on other plants. From the relative 
position of the parts, it seems indeed probable (but I 
omitted to prove this by the early removal of the 
anthers, so as to observe whether pollen was brought 
to the stigma from other flowers) that an insect would, 
more frequently get dusted by crawling out of a flower 
than by crawling into one ; and this would of course 
facilitate a cross between distinct individuals. .Hence 
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Cephalanthera offers only a partial exception to the 
rule that the flowers of Orchids are generally fertilised, 
by pollen from another plant. 

Cephalanthera ensifolia. — According to Pelpino,* the 
flowers of this species are visited by insects, as shown 
by the removal of the pollen-masses, lie believes that 
this is effected by their bodies being first rendered sticky 
by means of the stigmatic secretion. It is not dear 
whether the flowers also fertilise themselves. .Kadi 
pollen-mass is divided into two, instead of being merdy 
sub-divided, so that there are four distinct pollen-masses. 

Pogonia oj)h ioglosso ides. — The flowers of this plant, 
'an inhabitant of the United States, resemble, as 
described by Mr. Scndder, f those of Cephalanthera in 
not having a rostellum, and in the pollen-masses not 
being furnished with caudicles. The pollen consists of 
powdery grains not united by threads. Self-fertilisation 
seems to be effectually prevented ; and the flowers on 
distinct plants must intercross, for each plant generally 
bears only a single flower. 

Pterostylis trullifolia and longifolia . — I may here 
briefly mention some Orchids, inhabitants of Australia 
and New r Zealand, which are included by Lindlcy in 
the same family of the Arethusea; with Cephalanthera 
and Pogonia, and are remarkable* from their label la 
being extremely sensitive or irritable. Two of the 
petals and one of the sepals form a hood which encloses 
tlje column, as may be seen at A in the accompanying 
figure of Pterostylis longi folia. 

The distal portion of the labellum affords a landing- 
place for insects, in nearly the same manner as with 
•Cephalanthera; but when this organ is touched it 
rapidly springs up, carrying with it the touching insect, 

- * 

* ‘Ult. Osservaz. sulla Dico- f 4 Pron. Boston Soc. Nat. Hist.’ 
gamia,’ part ii. 1875, p. 149. vol. ix. 1863, p. 182. 
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which is thus temporarily imprisoned within the other- 
wise almost completely closed flower. The l&bellum 

Fig. 14. 



I'TF.ROSTYUS longifoi.ia. (Copied from Mr. R. I). Fitzgerald's ‘Australian 

Orchids.') 


A. Flpwer.in its natural state: the 
outline of the column is dimly 
seen within. I 

H. Flower with the near lateral ! 
petal removed, showing, the • 


column with its two shjplds, 
and the labclljiiii in the position 
which it occupies after having 
been touched. 


remains shut from half an hour to one hour and *a 
half, and on reopen yig is again sensitive to a touch. 
Two membranous shields project on each side of the 
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upper part of the column, with their edges meeting 
in front, as may be seen in fig. I?. In this drawing 
the petal on the near side has been cut away, and 
the labellum is represented in the position which it 
assumes after having been touched. As soon as the 
labellum has thus risen, an imprisoned insect cannot 
escape except by craAvling through the narrow passage 
formed by the two projecting shields. In thus escaping 
it can hardly fail 'to remove the pollinia, as, before 
coming into contact with them, its body will have been 
smeared with the viscid matter of the rostellum. On 
being imprisoned in another flower, and on again escap- 
ing by the same passage, it will almost certainly leave 
at least one of the four pollen-masses on the adhesive* 
stigma, and thus fertilise the flower. 

All that I have here said is taken from the admir- 
able description given by Mr. Cheeseman * of Pterostylu 
trullifolia; but I have copied the figure of P. lonyi folia 
from Mr. Fitzgerald’s great Avork on the Australian 
Orchids, as it shoAvs plainly the relation of all the parts. 

Mr. Cheeseman placed insects Avithin several floAvers 
of P. trullifolia, and saAv them afterwards crawl out, 
generally Avith pollinia attached to their backs. Ho 
also proved the importance of the irritable labellum 
by removing it from tAvelve flowers*whilst young, and 
in this case insects which entered the flowers would not 
have been compelled to crawl out through the passage ; 
and not one of these flowers produced a capsule. The 
flowers seem .to be frequented exclusively by £)iptera ; 
but what, attraction they present is not known, as they 
do not secrete nectar. Mr. Cheeseman believes that 
hardly a quarter of the flowers produce capsules ; not- 
withstanding that on one occasion he examined 110 

* c Transact. New Zealand Institute/ vol. y. 1873, p. 852 ; and vol. 
vii. p. 351. 
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Honors in a withered condition, and seventy-one of these 
had pollen on their stigmas,- arid only twenty-eight had 
all four pollinia still within their anthers. All the 
New Zealand species bear solitary flowers, so that dis- 
tinct plants cannot fail to be intercrossed. I may add 
that Mr. Fitzgerald also placed a small beetle on the 
labellum of 1\ longifolia , which was instantly carried 
jnto the flower and imprisoned; afterwards he saw 
it crawl out with two pollinia attached to its back. 
Nevertheless he doubts, from reasons which seem to 
me quite insufficient, whether the sensitiveness of the 
labellum is not as great a disadvantage as an advan- 
tage to the jflant. 

Mr. Fitzgerald has described another Orchid belong- 
ing to the same sub-tribe, Caladenia dimorplut , which 
has an irritable labellum. He kept a plant in his room, 
and says : “ A house-fly lighting on the lip was carried 
by its spring against the column, and becoming en- 
tangled in the gluten of the stigma, and struggling to 
escape, removed the pollen from the anther and smeared 
it on the stigma.” He adds, “ Without some such aid 
the species of this genus never produce seed.” But 
from the analogy of other Orchids we may feel sure 
that insects usually behave very differently from the 
fly which he saw caught on the stigma, and no doubt 
they carry the pollen-masses from plant to plant. The 
labellum of another Australian genus, Oahena, one of 
the Arethusece, is said by Dr. Hooker * to be irritable ; 
so that when touched by an insect it shute up suddenly 
against the column, and temporarily encloses its prey 
as it were within a box. The labellum is covered by 
curious papillae, which, as far as Mr. Fitzgerald ^as 
seen, are not gnawed by insects. 


‘Flora of Tasmania,* vol. ii. p. 17. 
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Mr. Fitzgerald describes .and figures several other 
genera, and states with respect to Acianthus forniecthu * 
and exsertus that neither species produce seeds it* 
protected from insects, but are easily fertilised by 
pollen placed on their stigmas. Mr. Cheeseman * has 
witnessed the fertilisation of Acianthus Sinclair! i in 
New Zealand, the flowers of which are incessantly 
visited by Diptera, without whose aid the pollinia ary 
never removed. Ottt of eighty-seven flowers borne 
by fourteen plants, no less than seventy-one matured 
capsules. This plant according to the same observer 
exhibits one remarkable peculiarity, namely, that the 
pollen-masses are attached to the rostellum by means 
of the exserted pollen-tubes, which serve as a eaudiele ; 
and the pollen-masses are thus removed together with 
the rostellum, which is viscid, when the flowers are 
visited by insects. The flowers of the allied Uyrto- 
stylis are also much frequented by insects, but the 
pollinia are not so regularly removed as those of tin* 
Acianthus; and with Corysanthes, only five out of 200 
flowers produced capsules. 

The Vanillidm according to Lind ley form a sub- 
tribe of the Arethuseae. The large tubular flowers of 
Vanilla aromatica are manifestly adapted to be ferti- 
lised by insects ; and it is known that when this plant 
is cultivated in foreign countries, for instance in Bour- 
bon, Tahiti, and the East Indies, it fails to produce 
its aromatic pods unless artificially fertilised. This 
fact ’shows th/it some insect in its American home is 
specially adapted for the work ; and that the insects 
of the above-named tropical regions, where the Vanilla 
flqurishes', either do not visit the flowers, though they 
seferete an abundance of nectar, or do not visit them 


* * Transact. New Zealand Institute/ vol. vii. 1875, p. 349. 



Chap. III. 


PTKBOSTYLIS LONGIFOLIA. 


W 


in the proper manner.* I will mention only two pecu- 
liarities in the structure of the flowers: the anterior 
part of the pollen-masses is semi-waxy and the posterior 
part somewhat friable ; the grains are not cemented 
together into compound grains, and the single grains 
are not united by fine elastic threads but by viscid 
matter; this matter would aid in causing the pollen 
to adhere to an insect, but I should have thought that 
such aid was superfluous, as the viscid rostellum is 
well developed. The other peculiarity is that the 
labellum, in front of the stigma, and some way beneath 
it, is furnished with a stiff hinged brush, formed of a 
series of combs one over the other, which point down- 
wards. This structure would allow an insect to crawl 
easily into a flower, but would compel it whilst re- 
treating to press close against the column ; and in 
doing so it would remove the pollen-masses, leaving 
them on the stigma of the next flower which was 
visited. 

The genus Sobralia is allied to Vanilla, and Mr. 
Cavendish Browne informs me that he saw a large 
humble-bee enter a flower of 8. maerantha in his 
hothouse, and ivhen it crawled out it had the two 
large pollen-masses firmly fixed to its back, nearer to 
the tail than to the head. The bee then looked about, 
and seeing no other flower re-entered the same one of 


* For Bourbon kjo ‘Bui. Soc. 
Bot. de France/ tom. i. 1854, p. 
290. For Tahiti boo H. A. Tilley, 
‘ Japan, the Amour, &e./ 1861, p. 
375. For the £nst Indies see 
Morren in ‘Annals and Mag. of 
Nat. Hist/ 1889, vol. iii, p. 6. I 
may give an analogous but more 
striking case from Mr Fitzgerald, 
who sayB “that Sarrochihix par - 
vifloru8 (one of the Vanuete) pro- 
duces capsules not unfrequently 


in the Blue Mountains of New 
South Wules; removed# from 
thence to Sydney, a number of 
plants, though flowering well, have 
not borne any seed ff left to them- 
selves, though invariably fertile 
when the pollen-mafesea were re- 
moved and placed on the Btigifia.” 
Yet the Blue Mountains are less 
than one hundred miles distant 
from Sydney. 
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the Sobralia, but quickly retreated, leaving the pollen- 
masses on the stigma, with the viscid discs alone 
adhering to its back. The nectar of this Guatemala 
Orchid seemed too powerful for our British bee, for it 
stretched out its legs und lay for a time as if dead on 
the labellum, but afterwards recovered. 
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CHAPTER IV. 

XEOTTEJE. 

Epipactis pain stria ; curious sha}>e of the labellum and its importauce 
in tlio fructification of the flower— Other species of Epipactis — 
Kpipngium — ( Soodyera repens — Spimnthes autumnalis ; perfect 
nilaptiition by which the pollen of a younger flower is carried to the 
stigma of an older flower on another plant— Listera ovata ; sensi- 
tiveness of the rostelium; explosion of viscid matter; action of 
insects; perfect adaptation of the several organs — Listera corduta — 
Noottia nidus-avis; its fertilisation effected iii the same manner as 
in Listera — Thelvmitra, self-fertile. 

A Ye have now arrived at a third tribe, the Neottea* of 
Liiullcy, which includes several British genera. These 
present many interesting points with respect to their 
structure and manner of fertilisation. 

The Keottem have a free anther standing behind the 
stigma. Their pollen-grains are tied together by fine 
elastic threads, which partially cohere and project at 
the upper end of the pollen-mass, being there attached 
(with some exceptions) to the back of the rostelium. 
Consequently the pollen-masses have no true and dis- 
tinct caudicles. In one genus alone (Goodyera) the 
pollen-grains are collected into packets as in Orchis. 
Epipactis and Goodyera agree pretty closely in their 
manner of fertilisation with the Ophrea*, but are*more 
simply organised. Spiranthes comes ifnder the same 
category, but has been differently modified in some 
respects. 

Epipactis pahstris * — The lower part of the hjrge 

* I am much indebted to Mr. ing me fresh specimens of this 
A. G. More, of Bcmbridge, in the beautiful Orchis. 

Isle of Wight, for repeatedly send- 
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a, .anther, with the two open cells 
seen in the front view 1). 
a\ rudimentary anther, or auricle, > 
referred to in a future chapter. 

r. rostellum. 

s. stigma. 

/. labellum. 4 

A. Side view of flower, with the , 

lower stfpals removed, in its . 
■ natural position. 

B. Side view of flower, with the 

distal portion of the labellum 
depressed, as if by the weight 
of an insect. 

C. Side vio\V of flower, somewhat 


enlarged, with all the sepals 
and petals removed, excepting 
the labelJum, of which the 
near side has been cut away ; 
the massive anther is seen to 
be of large size. 

I>. Front view of column, somewhat 
enlarged, with all the sepals 
and petals removed: the ros- 
tellum has sunk down a little 
in the specimen figured, and 
ought to have stood higher, 
so .fs to hide more of the 
anther-cells. 
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stigma is bilobcd and projects in front of the column 
(sec 8 in the side and frcJnt views, C, D, fig. 15). On 
its square summit a single, nearly globular rostellum 
is seated. The anterior face of the rostellum (r, C, D) 
projects a little beyond the surface of the upper part of 
the stigma, and this is of importance. In the early bud 
the rostellum consists of a friable mass of cells, with the 
exterior surface rough : these superficial cells undergo 
a great change during development, and become con- 
verted into a soft, smooth, highly elastic membrane or 
tissue, so excessively tender that it can be penetrated 
by a human hair; when thus penetrated, or when 
slightly rubbed, the surface becomes milky and in snipe 
degree viscid, so that the pollen-grains adhere to it. 
In some eases, though I observed this more plainly in 
Epipadis latifolia, the surface of the rostellum appa- 
rently becomes milky and viscid without having been 
touched. This exterior soft elastic membrane forms 
a cap to the rostellum, and is internally lined with a 
layer of much more adhesive matter, which, when ex- 
posed to the air, dries in from five to ten minutes. 
By a slight upward and backward push with any object, 
the whole cap, with its viscid lining, is removed with 
tlfe greatest ease ; a minute square stump, the basis 
of the rostellum, being alone left on the summit of the 
stigma. 

In the bud-state the anther stands quite free behind 
the rostellum and stigma; it opens longitudinally 
whilst the flower is still unexpended, and exposes' the 
two oval pollen-masses, which now lie loose in their 
cells. The pollen consists of spherical grahules, co- 
hering in fours, but not affecting each other’s shapes : 
and these compound grains are tied together by fifie 
elastic threads. The threads are collected into bundles 
extending longitudinally along the middle line of the 
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front of each pollinium, where it comes into contact 
with the hack of the uppermost part of the rostcllum. 
From the number of these threads this middle line 
looks brown, and each pollen-mass here shows a 
tendency to divide longitudinally into halves. In all 
these respects there is a close general resemblance to 
the pollinia of the Ophreaj. 

The lino where the parallel threads are the most 
numerous is the line of greatest strength ; elsewhese 
the pollen-masses are extremely friable, so that large 
portions can easily be broken off. In the bud-state 
the rostellum is curved a little backwards, and is 
pressed against the recently-opened anther; and the 
above-mentioned slightly projecting bundles of threads 
become firmly attached to the posterior flap of the 
membranous cap of the rostellum. The point of attach- 
ment lies a little beneath the summit of the pollen- 
masses ; but the exact point is somewhat variable, for 
I have met with specimens in which the attachment 
was one-fifth of the length of the pollen-masses from 
their summits. This variability is so far interesting, 
as it is a step leading to the structure of the Oplireae, 
in which the confluent threads, or caudicles, always 
spring from the lower ends of the pollen-masses. After 
the pollinia arc firmly attached by their threads to 
the back of the rostellum, the rostellum bends a little 
forwards, and this partly draws tlie pollinia out of the 
anther-cells. The upper end of the anther consists of a 
blunt, solid point, not including pollen ; this blunt point 
projects slightly beyond the face of the rostellum, 
which circumstance, as we shall see, is important. 

Tho flowers stand out (fig. A) almost horiozontally 
ftom the stem. The labellum is curiously shaped, as 
may be seen in the drawings : the distal half, which 
projects beyond the other petals ahd forms an excellent 
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landing-place for insects, i% joined to the basal half by 
a narrow hinge, and naturally (fig. A) is turned a little 
upwards, so that its edges pass within the edges of the 
basal portion. So flexible and elastic is the hinge that 
the weight of even a fly, as Mr. More informs me, 
depresses the distal portion ; it is represented in fig. Ji 
in this state ; but when the weight is removed it 
instantly springs up to its former position (fig. A), and 
with its curious medial ridges partly closes the entrance 
into the flower. The basal portion of the labellum forms 
a cup, w hich at the proper time is filled with nectar. 

Now r let us see how all the parts, which I have been 
obliged to describe in detail, act. When I first ex- 
amined these floVers I w T as much perplexed : trying in 
the same manner as I should have done with a true 
Orchis, I slightly pushed the protuberant rostellum 
downwards, and it was easily ruptured ; some of the 
viscid matter was withdrawn, but the pollinia remained 
in their cells. Reflecting on the structure of the 
flower, it occurred to me that an insect in entering one 
in order to suck the nectar, would depress the distal 
portion of the labellum, and consequently would not 
touch the rostellum ; but that, when within the flower, 
it would be almost compelled, from the springing up 
of this distal half of the labellum, to rise a little up- 
wards and back out parallel to the stigma. I then 
brushed the rostellum lightly upwards and backwards 
with the end of a feather and other such objects ; and 
it was pretty to see how easily the membranous cap 
of the rostellum came off, and how well front i^ s elas- 
ticity it fitted any object, whatever its shape might be, 
and how firmly it clung to the object owing to tbp 
viscidity of its under surface. Large masses of pollen, 
adhering by the elastic threads to the cap of the ros- 
tellum were at the same time withdrawn. 
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Nevertheless the pollen-masses were not removed 
nearly so cleanly as those whic^i had been naturally 
removed by insects. I tried dozens of flowers, always 
with the same imperfect result. It then occurred to 
me, that an insect in backing out of the flower would 
naturally push with some part of its body against the 
blunt and projecting upper end of the anther, which 
overhangs the stigmatic surface. Accordingly 1 so 
held a brush that, whilst brushing upwards against the 
rostellum, I pushed against the blunt solid end of the 
anther (see fig. C) ; this at once eased the pollinia, and 
they were withdrawn in an entire state. At last I 
‘understood the mechanism of the flower. 

The large anther stands above *and behind the 
stigma, forming an angle with it (fig. C), so that the 
pollinia when withdrawn by an insect would adhere 
'to its head or body in a position fitted to strike the 
sloping stigmatic surface as soon as another flower 
was visited. Hence we have not here, or in any of 
the Neottese, that movement of depression so common 
with the pollinia of the Ophrcso. When an insect 
with the pollinia attached to its back or head enters 
another flower, the easy depression of the distal portion 
of the labellum. probably plays an important part ; for 
the pollen -masses are extremely friable, and if they 
were struck against the tips of the petals much of the 
pollen would be lost ; but as it is, an open gangway 
is offered, and the viscid stigma, with its lower pro- 
tuberant pjy’t lying in front, is the first object against 
which the pollen-masses projecting forwards from the 
insect’s head or back would naturally strike. I may 
# add tliat in one large lot of flower-spikes, a great 
■majority of the pollinia had been naturally and 
cleanly removed. 

In order to ascertain whether I was right in believing 
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that the rlistal hinged portion of the labellum was of 
importance in the fertilisation of the flowers, I asked 
Mr. More to remove this part from some young flowers, 
and to mark them. He tried the experiment on eleven 
flowers, three of which did not produce seed-capsules ; 
but this may have been accidental. Of the eig;.t 
capsules which were produced, two contained about as 
njany seeds as those from unmutilated flowers on the 
same plant; but six capsules contained much fewer 
seeds. Most of the seeds were well-formed. These 
experiments, as far as they go, support the view that 
the distal part of the labellum is of importance in 
causing insects to enter and leave the flowers in the 
best manner for their fertilisation. 

Since the appearance of the first edition of this book, 
my son William has observed for me this Epipactis in 
the Isle of Wight. Hive-bees seem to be the chief 
agents in fertilisation ; for he saw* them visit about a 
scon 1 of flowers, and many had pollen-masses attached 
to their foreheads, just above the mandibles. I had 
supposed that insects always crawled into the flowers ; 
but hive-bees are too large to do this; they always 
clung, whilst sucking the nectar, to the distal and 
hinged half of the labellum, which was thus pressed 
downwards. Owing to this part being elastic and 
tending to spring up, the bees, as they left the flowers, 
seemed to fly rather upwards ; and this favoured, in 
the manner previously explained, the complete with- 
drawal of the pollen-masses, quite as well as if the 
insects had crawled, in an upward direction, out of 
the flower. Perhaps the upward movement may not 
be so necessary in all cases as I had supposed ; forj 
judging from the manner in which the pollen-masses 
were attached to the hive-bees, the back part of their 
heads could hardly fail to press against and lift.up the 

H 2 
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blunt, solid, upper end of the anther, thus freeing the 
pollen-masses. Various other insects besides hive-bees 
visit the flowers. 3Iy son saw several large flies (Sar- 
eophaga carnosa ) haunting them; but they did not 
enter in so neat and regular a manner as the hive-bees ; 
nevertheless two had pollen-masses attached to their 
foreheads. Several smaller flies (Garlopa frigida) wen* 
also seen entering and leaving the flowers, with pollen- 
masses adhering rather irregularly to the dorsal surface 
of the thorax. Three or four distinct kinds of Ilymon- 
optcra (one of small size being Crabro brevis ) likewise 
visited the flowers ; and three of these Hymenoptera 
had pollen-masses attached to their backs. Other still 
more minute Diptera, Ooleoptora, and ants were seen 
sucking the nectar ; but these insects appeared to be 
too small to transport the pollen-masses. It is re- 
markable that some of the foregoing insects should 
visit the flowers; for 31 r. F. Walker informs me that 
the Sarcophaga frequents decaying animal matter, and 
the Ccelopa haunts seaweed, occasionally settling on 
flowers. The Crabro also, as I hear from Mr. F. Smith, 
collects small beetles (Ilalticaj) for provisioning its 
nest. It is equally remarkable, seeing how ujany 
kinds of insects visit this Epipaetis, that although my 
son watched hundreds of plants for some hours on three 
occasions, not a single humble-bee alighted on a flower, 
though many were flying about. 

c Epipaetis latifolia. — This species agrees with the 
last in most* respects. The rostellum, however, projects 
considerably further beyond the face of the stigma, 
and the blunt upper end of the anther less so. The 
^viscid matter lining the elastic cap of the rostellum 
takes a longer time to get dry. The upper petals and 
sepals are more widely expanded than in E. palustris : 
the distal portion of the labellum is smaller, and is 
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firmly united to the basal* portion (fig. 16 ), so that, it 
is not flexible and elastic ; it apparently serves only as 
a landing-place for insects. The fertilisation of this 
species depends simply on an insect striking in an 
upward and backward direction the highly-protuberant 
rostellum, w hich it would be apt to do when retreating 
from the flower after having sucked the copious nectar 


Fi.tr- io. 



K PI PACT IS LATIFOLIA. 

Flower viewed sideways, with nil the sepals and petals removed, except the 
labelluin. 


a. anther. s. stigma, 

r. rostellum. /. labelluin. 

in the enp of the labelluin. Apparently it is not at 
all necessary that the insect should push upwards the 
blunt upper end of the anther ; at least. I found that 
the pollinia could be removed easily by simply drag- 
ging off the cap of the rostellum in an upward or 
back w ard d ireetion. 

As some plants grew' close to my house, I have been 
able to observe here and elsewhere theif maimer of 
fertilisation during several years. Although lrive-bees 
and humble-bees of many kinds were constantly flying 
over the plants, I never saw a bee or any Dipterous? 
insect visit the flowers; but in Germany Sprengel 
caught a fly with thfi pollinia of this plant attached 
to its back. On the other hand I have repeatedly 
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observed the common wasp ( Vespa sylvestris ) sucking 
the nectar ont of the open cup-shaped labellum. I 
thus saw the act of fertilisation effected by the pollen- 
masses being removed by the wasps, and afterwards 
carried attached to their foreheads to other flowers. 
Mr. Oxenden also informs mo that a large bed of 
K purpurata (which is considered by some botanists to 
be a distinct species, and by others a variety) was fre- 
quented by “ swarms of wasps.” It is very remarkable 
that the sweet nectar of this Epipactis should not bo 
attractive to any kind of bee. If wasps were to become 
extinct in any district, so probably would the Epipactis 
)ati folia. 

To show how effectually the flowers are fertilised, I 
may add that during the wet and cold season of 18(H) a 
friend in Sussex examined five spikes bearing eighty-five 
expanded flowers ; of these, fifty-three had the pollinia 
removed, and thirty-two had them in place : but as 
many of the latter were immediately beneath the buds, 
a larger number would almost certainly have been 
afterwards remowed. In Devonshire 1 found a spike 
with nine open flowers, and the pollinia in all wore re- 
moved with one exception, and in this case a fly, too 
small to remove the pollinia, had become glued to the 
rostellum, and had there miserably perished. 

Dr. H. Muller lias published * some interesting 
observations on the difference in structure and manner 
of fertilisation, as well as on the intermediate forms 
between Epipactis t rubif/imm, microphyUa , and viridi - 
flora. The latter species is remarkable for the absence 
of a rqstellum, and for being regularly self-fertilised. 
^Self-fertilisation here follows from the incoherent 

pollen-grains in the lower part of the pollen-masses 

1 .. 

* •' Verhandl. cl. Nat. Vcr. f. Wcfitfal.’ Jahrg. xxv. III. Folge, v. Bd. 
pp. 7-30. 
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emitting, whilst still within the anther-cells, their 
tubes, which penetrate the stigma ; and this occurs even 
in the bud. This species, however, is probably visited 
by insects, and occasionally crossed ; for the labellum 
contains nectar. E. microphylla is intermediate in 
structure between E. latifolia , which is always fertilised 
by the aid of insects, and E. viruliflora , which does not 
necessarily require any such aid. The whole of this 
memoir by Ur. H. Muller deserve# to be attentively 
studied. 

Epipoyimi (jmdim . — This plant, which has only 
once boon found in Great Britain, has been fully de- 
scribed by Dr. ltohrbach in a special memoir.* Thft 
structure and manner of fertilisation is in many re- 
spects like that of Epipactis, to which genus the author 
believes the present one to be allied, though placed by 
Lindley amongst the Arethuseie. ltohrbach saw the 
flowers visited by Boinhiifs hu'orum , but it appears that 
only a lew produce capsules. 

Goodi/vra repem. t — This genus is rather closely re- 
lated to Epipactis, in most of the characters with 
which we are concerned. The shield-like rostellum is 
almost square, and projects beyond the stigma; it is 
supported on each side by sloping sides rising from 
the upper edge of the stigma, in nearly the same 
manner as we shall presently see in Spirant-lies. The 
surface of the protuberant part of the rostellum is rough, 
and when dry can be seem to be formed of cells ; it is 
delicate, and, when slightly pricked, a Jittle milky 
viscid fluid exudes; it is lined by a layer. of very 
adhesive matter, which quickly sets hard when exposed 

* 'Uohcr den Bluthenbau von t Specimens of this rare High* 
Epijpogiuni,’ &c. 186*3; se <4 also J and Orchid were kindly sent me 
Iriuisrh, 1 lieit rage zur Biologic by the Rev. G. Gordon of Elgin, 
der Orcbidoen,’ 1853, p. 55. 
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to tlie air. The protuberant surface of the rostellunr, 
when gently rubbed upwards, is easily removed, and 
carries with it a strip of membrane, to the hinder part 
of which the pollinia are attached. .The sloping sides 
which support the rostellum are not removed at the 
same time, but remain projecting up like a fork and 
soon wither. The anther is borne on a broad elon- 
gated filament ; and a membrane on both sides unites 
this filament to the edges of the stigma, forming an 
imperfect cup or clinandrum. The anther-cells open 
in the bud, and the pollen-masses become attached 
by their anterior faces, just beneath their summits, 
to the back of the rostellum. Ultimately the anther 
opens widely, leaving the pollinia almost naked, but 
partially protected within the membranous cup or 
clinandrum. Each pollinium is partial lv divided 
lengthways ; the pollen-grains cohere in subtriangular 
packets, including a multitude of compound grains, each 
consisting of four grains ; and these packets are tied 
together by strong elastic threads, which at their upper 
ends run together and form a single flattened brown 
elastic ribbon, of which the truncated extremity adheres 
to the back of the rostellum. 

The surface of the orbicular stigma is remarkably 
viscid, which is necessary in order that the unusually 
strong threads connecting the packets of pollen should 
be ruptured. The labellum is partially divided into 
, two portions ; the terminal portion is reflexed, and 
the basal pQrtion is cup-formed and filled with nectar. 
The passage between the rostellum and labellum is 
contracted whilst the flower is young ; but when mature 
tjie column moves further back from the labellum, so 
as to allow of insects with the pollinia adhering to 
their proboscides, to enter the flowers more freely. In 
many of the specimens received, the pollinia had been 
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removed, and the fork-shaped supporting sides of the 
rostellum were partially withered. Mr. R. B. Thomson 
informs me that in the north of Scotland he saw many 
humble-bees ( Bombus pratorunt) visiting the flowers 
with pollen-masses attached to their proboscides. 
This species grows also in the United States; and 
Professor Asa Gray* confirms my account of its 
structure and manner of fertilisation, which is likewise 
applicable to another and very distinct species, namely, 
Goodi/era pubescens. 

Goodyera is an interesting connecting link between 
several very distinct forms. In no other member of 
the Neottem observed by me is there so near an ap- 
proach to the formation of a true caudiele ;t and it is 
curious that in this genus alone the pollen-grains 
cohere in large packets, as in the Ophron?. If the 
nascent caudicles had been attached to the lower ends 
of the poliinia, and they are attached a little beneath 
their summits, the poliinia would have been almost 
identical with those of a true Orchis. In the rostellum 
being supported by sloping sides, which wither when 
the viscid disc is removed, — in the existence of a 
membranous cup or cliimndrum between the stigma 

* ‘ Amer. Journal of Science,’ bundle of elastic threads, with 

vol. xxxiv. 1802, p. 427. I for- very small and thin packets of 

mcrly thought that with this plant polhn-grnins attached to them 

and Spiraiith»'B. it was the lubol- and arranged like tiles one over 

lum which moved from tho column the other. The two euudioles are 

to allow of the more fr< e entrance united together near their bases, 

of inserts: but. Professor Gray is nn here they are attached to ft disn 

convinced that it is the column of membrane fined with viscid 

which moves. • matter. From tho small t-ize and 

f In a foreign species, Gwlyera extreme thinness of the basal 
di*color, sent me by Mr. Bateman, packets of pollen, and from the 
the poliinia approach in structure strength of their attachment to 
still more closely those of tho the tiir<nds, I believe that tftey 

Ophreie ; for tho poliinia extend are in a functionless condition ; 

into long caudicles, resembling in if so, these prolongations of the 
form those of an Orc his. The poliinia are true cuudieles. 
caudiele is here formed of u ■ 
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and anther, — and in some ptlicr respects, we have a 
clear affinity with Spiranthes. In the anther having 
a broad filament' we see a relation to Cephalanthera. 
In the structure of the rostellum, with the exception 
of the sloping sides, and in the shape of the labellum, 
Goodyera resembles Epipactis. Goodyera probably 
shows us the state of the organs in a group of Orchids, 
now mostly extinct, but the parents of many living 
descendants. 

Spiranthes autumnalis . — This Orchid with its pretty 
name of Ladies’-tresses, presents some interesting 
peculiarities.* The rostellum is a long, thin, flat pro- 
jection, joined by sloping shoulders to the summit of 
the stigma. In the middle of the rostellum a narrow 
vertical brown object (fig. 17, C) may be seen, bordered 
and covered by transparent membrane. This brown 
object I will call “the boat-formed disc.” It ibrms 
the middle portion of the posterior surface of the 
rostellum, and consists of a narrow strip of the exterior 
membrane in a modified condition. When removed 
from its attachment, its summit (fig. E) is seen to be 
pointed, with the lower end rounded ; it is slightly 
bowed, so as altogether to resemble a boat or canoe. 
It is rather more than T / )ir of an inch in length, 
and less than yjy in breadth. It is nearly rigid, and 
appears fibrous, but is really formed of elongated 
and thickened cells, partially confluent. 

This boat, standing vertically up on its stern, is filled 
with* thick, milky, extremely adhesive fluid, which, 
when exposed to the air, rapidly turns brown, and in 
about one minute sets quite hard. An object is well 
glued to the boat in four or five seconds, and when the 

* I am indebted to Dr Battergby mo specimens. I subsequently 
of Torquay, and to .Mr. A. G. examined many growing plants. 
More of B^mbridge, for Bending 
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comont is dry the attachment is wonderfully strong. 
The transparent sides of the rostellum consist of mem- 
brane, attached beliind to the edges of the boat, and 
folded over in front, so as to form the anterior face 
of the rostellum. This folded membrane, therefore, 
covers, almost like a deck, the cargo of viscid matter 
within the boat. 

. Fifr 17. 



SlMUANTHKS AUTUMN A LIS, Oil LaDIKS’-TrkSSKS. 


a. (i author. 

jf. pollen-masses. 

t. threads of tho pollen-masses. 

cl. margin of clinaudrum, 

r. rostellum. 

s. stigma. 

n. nectar receptacle. 

A. Side view of flower in its natural 
position, with the two lower 
sepals alone removed. The 
laMlum can he recognised by 
its fringed and reflexed lip. 

]1. Side view enlarged of a mature 
flower, with all the sepals and 
petals removed. The positions 
of the labellum and of the 


upper sepal are shown by the 
dotted lines. 

C. Front view of the stigma, ami 

of the rostellum with its em- 
bedded, central, boat-formed 
disc. 

D. Front view of the stigma and of 

the rostellum after the disc has 
been removed. 

E. Disc, removed from the fostel- 

luin, greatly enlarged, viewed 
posteriorly, with # the attached 
elastic threads of the pollen- 
masses ; the pol ley -grains have 
been removed from the threads. 


The anterior face fof the rostellum is slightly furrowed 
in a longitudinal line over the middle of the i>oat, and 


108 


NEOTTE-E. 


Chap. IV. 


is endowed with a remarkable kind of irritability ; 
for, if the furrow be touched very gently by a needle, 
or if a bristle be laid along the furrow, it instantly 
splits along its whole length, and a little milky 
adhesive fluid exudes. This action is not mechanical, 
or due to simple violence. The fissure runs up the 
whole length of the rostellum, from the stigma beneath 
to the summit : at the summit the fissure bifurcates, 
and runs down the back of the rostellum on each side 
and round the stern of the boat-formed disc. Hence 
after this splitting action the boat-formed disc lies 
quite free, but embedded in a fork in the rostellum. 
The act of splitting apparently never takes place 
spontaneously. I covered a plant with a net, and after 
five of the flowers had fully expanded they were kept 
protected for a week : I then examined their rostella, 
and not one had split; whereas almost every flower 
on the surrounding and uncovered spikes, which would 
almost certainly have been visited and touched by 
insects, had their rostella fissured, though they had 
been open for only twenty-four hours. Exposure for 
two minutes to the vapour of a little chloroform causes 
the rostellum to split ; and this we shall hereafter see 
is likewise the case with some other Orchids. 

When a bristle is laid for two or three seconds in the 
furrow of .the rostellum, and the membrane has con- 
sequently become fissured, the viscid matter within 
the boat-formed disc, which lies close to the surface 
and indeed slightly exudes, is almost sure to glue the 
disc longitudinally to the bristle, and both are with- 
drawn together. When the disc, with the pollinia 
attached to it, is withdrawn, the two sides of the ros- 
tellum (fig. D), which have been described by some 
botanists as two distinct foliaceous # projections, are left 
sticking t up, like a fork. This is the common con- 
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dition of the flowers after they have been open for a 
day or two, and have been visited by insects. The 
fork soon withers. 

Whilst the flower is in bud, the back of the boat- 
formed disc is covered with a layer of large rounded 
cells, so that the disc does not strictly form the exterior 
surface of the back of the rostellum. These cells 
contain slightly viscid matter : they remain unaltered 
(as may be seen at fig. E) towards the upper end of 
the disc, but at the point where the pollinia are at- 
tached they disappear. Therefore I at one time con- 
cluded that the viscid matter contained in these cells, 
when they burst, serve to fasten the threads of frlie 
pollinia to the disc ; but, as in several other genera, 
in which a similar attachment has to be effected, 1 
could see no trace of such cells, this view may be 
erroneous. 

The stigma lies beneath the rostellum, and projects 
with a sloping surface, as may be seen at B in the 
side-view: its lower margin is rounded and fringed 
with hairs. On each side a membrane (cl, B) extends 
from the edges of the stigma to the filament of the 
ay tlier, thus forming a membranous cup or clinandrum, 
in which the lower ends of the pollen-masses lie safely 
protected. 

Each pollinium consists of two leaves of pollen, 
quite disconnected at their lower and upper ends, but 
united for about half their length in the middle by 
elastic threads. A very slight modification would 
convert the two pollinia into four distinct # masses, as 
occurs in the genus Malaxis and in many foreign 
Orchids. Each leaf consists of a double* layer; of 
pollen-grains, joined by fours together, and these 
united by elastic threads, which are more numerous 
along the edges of the leaves, and converge at the 
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summit of the pollinium. The leaves arc very brittle, 
and, when placed on the adhesive stigma, large pieces 
are easily broken off. 

Long before the flower expands, the anther-cells, 
which are pressed against the back of the rostellum, 
open in their upper part, so that the included pollinia 
come into contact with the back (if the boat-formed 
disc. The projecting threads then become firmly 
attached to rather above the middle part of the back 
of the disc. The anther-cells afterwards open lower 
down, and their membranous walls contract and be- 
come brown ; so that by the time the flower is fully 
expanded the upper part of the pollinia lie quite 
naked, with their bases resting in a little cup formed 
by the withered anther-cell, and laterally protected by 
the clinandrum. As the pollinia thus lie loose, they 
are easily removed. 

The tubular flowers are elegantly arranged in a 
spire round the spike, and project from it horizontally 
(fig. A). The labellum is channelled down the middle, 
and is furnished with a reflexed and fringed lip, on 
which bees alight ; its basal internal angles are pro- 
duced into two globular processes, which secrete an 
abundance of nectar. The nectar is collected (n, fig. 
B) in a small receptacle in the lower part of the 
labellum. Owing to the protuberance of the inferior 
margin of the stigma and of the two lateral inflexed 
nectaries, the orifice into the nectar-receptacle is 
mufth contracted. When the flower first opens the 
receptacle contains nectar, and at this period the 
front of the rostelJum, which is slightly furrowed, 
lies close to the channelled labellum ; consequently 
a ? passage is left, but so narrow that only a fine bristle 
can be passed down it. In a day or two the column 
moves a little farther from the labellum, and a wider 
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passage is left for insects to deposit pollen on the 
stigmatic surface. On this slight movement of the 
column the fertilisation of the flower absolutely 
depends.* 

With most Orchids the flowers remain open for 
some time before they are visited by insects; but 
with Spiranthes I have generally found the boat- 
formed discs removed very soon after their expansion, 
tfor example, in the two last spikes which 1 happened 
to examine there were numerous buds on the summit 
of one*, with only the seven lowest flowers expanded, 
of which six had their discs and pollinia removed; 
the other spike had eight expanded flowers, and the 
pollinia of all were removed. We have seen that when 
the flowers first open they would be attractive? to 
insects, for the receptacle already contains nectar; 
and at this period the rostellum lies so close to the 
channelled label him that a bee could not pass down 
its proboscis without touching the medial furrow of 
the rostellum. This I know to be the case by repeated 
trials with a bristle. 

Wo thus see how beautifully everything is contrived 
that the pollinia should be withdrawn by insects visit- 
ing. the flowers. They are already attached to the 
disc by their threads, and, from the early withering 
of the anther-cells, they hang loosely suspended but 
protected within the clinandrum. The touch of the 

* Professor Asa Gray was so of all the parts in Spirun tlies jvith 
kind as to examine for me 8 pi- the exception Unit it is the column 
ranthes tjracilis and cemna in the and not the luhellum, as I former- 
United States. He found the ly thought, which moves as the 
same general structure as in our flowers become mature. He adds 
8. autumnali aud was struck that the widening ot the passage, 
with the narrowness of the passage which plays so important a part 

into the flower. He lias since in the fertilisation of the flower, 
confirmed (‘Amer. Journ. of “is so striking that we wonder 
Science/ vol. xxxiv. p. 427) my how wc overlooked it/* 
account of the structure and action 
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proboscis causes the rostellum to split in front and 
behindhand frees the long, narrow, boat-formed disc, 
which is filled with extremely viscid matter, and is sure 
to adhere longitudinally to the proboscis. When the 
bee flies away, so surely will it carry away the pollinia. 
As the pollinia are attached parallel to the disc, they 
adhere parallel to the proboscis. When the flower 
first opens and is best adapted for the removal of the 
pollinia, the labellum lies so close to the rostellum, 
that the pollinia attached to the proboscis of an insect 
cannot possibly be forced into the passage so as to 
reach the stigma ; they would be either upturned or 
broken off : but we have seen that after two or three 
days the column becomes more reflexed and moves 
from the labellum, — a wider passage being thus left. 
When I inserted the pollinia attached to a fine bristle 
into the nectar-receptacle of a flower in this condition 
(n, fig. B), it was pretty to see how surely the sheets 
of pollen were left adhering to the viscid stigma. It 
may be observed in the diagram, B, that owing to 1...; 
projection of the stigma, the orifice into the nectar- 
receptacle (») lies close to the lower side of the flower ; 
insects would therefore insert their proboscides along 
this lower side, and an open space above is thus left 
for the attached pollinia to be carried down to the 
stigma, without being brushed off. The stigma evi- 
dently projects so that the ends of the pollinia may 
strike against it. 

Hence, ii\ Spiranthes, a recently expanded flower, 
which has its pollinia in the best state for removal, 
cannot be fertilised ; and mature flowers will be ferti- 
lised b)r pollen from younger flowers, borne, as we 
shall presently see, on a separate plant. In con- 
formity with this fact the stigmatic surfaces of the 
older flowers are far more viscid than those of the 
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younger flowers. Nevertheless, a flower which in its 
early state had not been visited by insects would not 
necessarily, in its later and more expanded condition, 
have its pollen wasted : for insects, in inserting and 
withdrawing their proboscides, bow them forwards or 
upwards, and would thus often strike the furrow in the 
rostellum. I imitated this action with a bristle, and 
often succeeded in withdrawing the pollinia from old 
flowers. I was led to make this trial from having at 
lirst chosen old flowers for examination ; and on passing 
a bristle, or fine culm of grass, straight down into 
the nectary, the pollinia were never withdrawn ; but 
when it was bowed forward, I succeeded. Flowers 
which have not had their pollinia removed can be 
fertilised as easily as those which have lost them ; and 
1 have seen not a few cases of flowers with their 
pollinia still in place, with sheets of pollen on their 
stigmas. 

At Torquay I watched for about half an hour a 
number of those flowers growing together, and saw 
three humble-bees of two kinds visit them. I caught 
one and examined its proboscis : on the superior 
lamina, some little way from the tip, two perfect 
pollinia were attached, and three other boat-formed 
discs without pollen ; so that this bee had removed 
the pollinia from five flowers, and had probably left 
the pollen of three on thfe stigmas of other flowers. 
The next day I watched the same flowers for a quarter 
of an hour, and caught another humble-bee at woflv ; 
one perfect pollinium and four boat-formed discs ad- 
hered to its proboscis, one on the top of tile other, 
showing how r exactly the same part of the rostellum 
had each time been touched. 

The bees always .alighted at the bottom of the 
spike, and, crawling spirally up it, sucked one flower 
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sifter the other. I believes humble-bees generally net 
in this manner when visiting a dense spike of flowers, 
sis it is the most convenient method ; on the same 
principle that a woodpecker always climbs up a tree in 
search of insects. This seems an insignificant observa- 
tion ; but see the result. In the early morning, when 
the bee starts oil her rounds, let us suppose; that she 
alighted on the summit of a spike ; she would cer- 
tainly extract the* pollinia from the uppermost and 
last opened flowers; but when visiting, the next suc- 
ceeding flower, of which the column in all probability 
would not as yet have moved from the label) um (for 
this is slowly and very gradually effected), the pollen- 
masses Would be brushed off her proboscis and wasted. 
Hut nature suffers no such waste. The bee goes first 
to the lowest flower, and, crawling spirally up the 
spike, effects nothing on the first spike which she 
visits till she reaches the upper flowers, and then slit* 
withdraws the pollinia. She soon flies to another plant, 
and, alighting on the lowest and oldest flower, into 
which a wide passage will have been formed from the 
greater reflexion of the column, the pollinia strike the 
protuberant stigma. If the stigma of the lowest flower 
has already been fully fertilised, little or no pollen 
will be left on its dried surface ; but on the next 
succeeding flower, of which the stigma is adhesive, 
large sheets of pollen wilf be left. Then as soon as 
the bee arrives near the summit of the spike she will 
withdraw fiftah pollinia, will fly to the lower flowers 
on another plant, and fertilise them ; and thus, as she 
goes her rounds and adds to her store of honey, she 
continually fertilises fresh flowers and perpetuates the 
race of our autumnal Spiranthes, which will 0 yield 
honey to future generations of bfccs. 

Spirfluthes australis . — This species, an inhabitant 
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of Australia, has been desoribed and figured by Mr. 
Fitzgerald.* The flowers are arranged on the spike 
in the same manner as in 8. autumrtalis; and the 
labellum with two glands at its base closely resembles 
that of our species. It is therefore an extraordinary 
fact that Mr. Fitzgerald could not detect even in the 
bud any trace of a rostellum or of viscid matter. lie 
stages that the pollinia touch the upper edge of the 
stigma, and fertilise it at an early age. Protecting a 
plant from the access of insects by a bell-glass made 
no difference in its fertility ; and Mr. Fitzgerald, 
though he examined many flowers, never noticed the 
slightest derangement of the pollinia, or any pollen 
on the surfaces of the stigmas. Here then we have 
a species which fertilises itself as regularly as does 
Ophryx apifera . It would, however, be desirable to 
ascertain whether insects ever visit the flowers, which 
it may be presumed secrete nectar, as glands are 
present ; and any such insects should be examined, so 
as to make certain that pollen does not adhere to some 
part of their bodies. 

Lislera ovata , or Tuny-blade . — This Orchid is one 
of the most remarkable in the whole order.* The 
structure and action of the rostellum has been tin* 
subject of a valuable paper in the ‘Philosophical 
Transactions/ by Dr. Hooker, t who has described 
minutely and of course? correctly its curious structure ; 
he did not, however, attend to the part which insects 
j>lay in the fertilisation of the flowers. C. if. ISprengel 
well knew the importance of insect-agency, but he 
misunderstood both the structure and the action of 
the rostellum. 

The ’rostellum is of large size, thin, or foliaceous, 

* ‘Australian Orchids/ part ii. t ‘ Philosophical Transactions/ 
1876. 1854, p. 251). 
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convex in front and concave behind, with its sharp 
summit slightly hollowed out on each side ; it arches 
over the stigmatie surface (fig. 18, A, r, s). Internally, 

Fig. 18 . 



Listkra ovata, or Tway-blade. (Partly copied from Hooker.) 


•jul. summit of column. 
i'a. anther. 

/». pollen. 

r. rostellum. 

s, stigma. 

• /. labellum. 
n. nectaraecretiug furrow. 


A. Flower viewed laterally, with 
all the sepals and petals, except 
the labellum, removed. 

B. Ditto, with the pollinia re- 
‘ moved, and with the rostellum 

bent down after the ejection 
of the viscid matter. 
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it is divided by longitudinal septa into a series of 
loculi, which contain viscid*matter and have the power 
of violently expelling it. These loculi show traces of 
their original cellular structure. I have met with this 
structure in no other genus except in the closely 
allied Neottia. The anther, situated behind the ros- 
tellum and protected by a broad expansion of the top 
of the column, opens in the bud. When the flower is 
fully expanded, the pollinia are left quite free, sup- 
ported behind by the anther-cells, and lying in front 
against the concave back of the rostellum, with their 
upper pointed ends resting on its crest. Each pol- 
liriium is almost divided into two masses. The polleiir 
grains are attached together in the usual manner by 
a few elastic threads ; but the threads are weak, and 
large masses of pollen can be broken off easily. After 
the flower has long remained open, the pollen becomes 
more friable. The labellum is much elongated, con- 
tracted at its base, and bent downwards, as represented 
in the drawing ; the upper half above the bifurcation 
is furrowed along the middle; and the borders of this 
furrow secrete much nectar. 

As soon as the flower opens, if the crest of the 
rostellum be touched ever so lightly, a large drop 
of viscid fluid is instantaneously expelled ; and this, 
as J)r. Hooker has shown, is formed by the coalescence 
of two drops proceeding from two depressed spaces on 
each side of the centre. A good proof of this fact 
was afforded by some specimens kept in weak spirits 
of wine, which apparently had expellee! the viscid 
matter slowly, and here two separate little spherical 
balls of hardened matter had been formed, attached to 
the two pollinia. The fluid is at first slightly opaqiib 
and milky ; but on exposure to the air for less than 
a second, a film forms over it, and in tw r o or three* 
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seconds the whole drop sets hard, soon assuming a 
purplish-brown tint. So 'exquisitely sensitive is the 
rostellum, that a touch from the thinnest human hair 
suffices to cause the explosion. It will take place 
under water. Exposure to the vapour of chloroform 
for about one minute also caused an explosion; but 
the vapour of sulphuric ether did not thus act, though 
one flower was exposed for five, and another for 
twenty minutes to. a strong dose. The rostellum of 
these two flowers when afterwards touched exploded in 
the usual manner, so that sensitiveness had not been 
lost in either case. The viscid fluid when pressed 
between two plates of glass before it has set hard is 
seen to be structureless ; but it lias a reticulated 
appearance, perhaps caused by the presence of glo- 
bules of a denser immersed in a thinner fluid. As the 
pointed tips of the pollinia lie on the crest of the 
rostellum, they are always caught by the exploded 
drop : I have never seen this once to fail. So rapid 
is the explosion and so viscid the fluid, that it is 
difficult to touch the rostellum with a needle, however 
quickly this may be done, without removing the 
pollinia. Hence, if a bunch of flowers be carried 
home in the hand, some of the sepals or petals will 
almost certainly touch the rostellum and withdraw the 
pollinia; and this gives the false appearance of their 
having been ejected to a distance. 

After the anther-cells have opened and the naked 
pollinia have been left resting on the concave back of 
the rostellum, this latter organ curves a little forwards, 
and perhaps the anther also moves a little backwards. 
This movement is of much importance ; if it did not 
occur, the tip of the anther, within which the pollinia 
are lodged, would be caught by k the exploded viscid 
matter, and the pollinia would be for ever locked up 
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and rendered useless. I once found an injured flower 
which had been pressed unci had exploded before fully 
expanding, and tins anther with the enclosed pollen- 
masses was permanently glued to the crest of the ros- 
tellum. The rostellum, which is naturally somewhat 
arched over the stigma, quickly bends forwards and 
downwards at the moment of the explosion, so as then 
tq stand (fig. B) at right angles to the surface of the 
stigma. The pollinia, if not removed by the touching 
object which causes the explosion, become fixed to the 
rostellum, and by its movement are likewise drawn a 
little forward. If their lower ends are now freed by a 
needle from the anther-cells, they spring up ; but they 
are not by this movement placed on the stigma. In 
the course of some hours, or of a day, the rostellum 
not only slowly recovers its original slightly-arched 
position, but becomes quite straight and parallel to 
the stigmatic surface. This backward movement of 
the rostellum is of service ; for if after the explosion it 
had remained permanently projecting at right angles 
over the stigma, pollen could not readily have been 
deposited by insects on the viscid surface of the 
stigma. When the rostellum is touched so quickly 
that the pollinia arc not removed, they are, as I have 
just said, drawn a little forward ; but by the subse- 
quent backward movement of the rostellum they are 
pushed back again into their original position. 

From the account now given we may safely iijfer 
how the fertilisation of this Orchid is effected. Small 
insects alight on the labellum for the sake of the 
nectar copiously secreted by it ; as they lick this they 
slowly crawl up its narrowed surface until their heads 
stand* directly beneath the overarching crest of the 
rostellum ; when they raise their heads they touch the 
crest ; tjais then explodes, and the pollinia are instantly 
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and firmly cemented to their heads. As soon us the 
insect flies away, it withdraws the pollinia, carries 
them to another flower, and there leaves masses of the 
friable pollen on tho adhesive stigma. 

In order to fitness what I felt sure would take 
place, I watched for an hour a group of plants on 
three occasions; each time 1 saw numerous sjteci- 
mens of two small Hymenoptcrous insects, namely, a 
Hmmiteles and a Gryptus, flying about the plants and 
licking up the nectar ; most of the flowers, which were 
visited over and over again, already had their pollinia 
removed, but at last 1 saw both these species crawl 
into younger flowers, and suddenly retreat with a pair 
of bright yellow pollinia sticking to their foreheads ; I 
caught them, and found the point of attachment was to 
the inner edge of the eye; on the other eye of one 
specimen there was a ball of the hardened viscid 
matter, showing that it had previously removed 
another pair of pollinia, and in all probability had subse- 
quently left them on the stigma of a flower. As these 
insects were captured, I did not witness the act of fertili- 
sation ; but Sprengel saw a Hymenopterous insect 
leave its pollen-mass on the stigma. My son watched 
another bed of this Orchid at some miles’ distance, and 
brought me home the same Hymenopterous insects 
with attached pollinia, and he saw Diptera also 
visiting the flowers. He was struck with the number 
of spider-webs spread over these plants, as if tho 
spiders were aware how attractive the Listera was to 
insects. t 

To show how delicate a touch suffices to cause 
the rosfellum to explode, 1 may mention that I found 
an extremely minute Hymenopterous insect Vainly 
struggling to escape, with its head cemented by the 
hardened viscid matter, to the crest of the rostellum 
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and to the tips of the pollinia. The insect was not 
so large as one of the pollinia, and after cansing the 
explosion had not strength enough to remove them ; 
it was thus punished for attempting a work beyond 
its strength, and perished miserably. 

In Spiranthes the young flowers, which have their 
pollinia in the best state for removal, cannot possibly 
be fertilised ; they must remain in a virgin condition 
until they are a little older and the column has 
moved away from the labellum. Here the same end 
is gained by widely different means. The stigmas of 
the older flowers are more adhesive than those of the 
younger flowers. These latter have their pollinia 
ready for removal ; but immediately after the rostcllum 
has exploded, it curls forwards and downwards, thus 
protecting the stigma for a time; but it slowly be- 
comes straight again, and now the mature stigma is 
left freely exposed, ready to be fertilised. 

I wished to know whether the rostellum would 
explode, if never touched ; but I have found it difficult 
to ascertain this point, as the flowers are highly at- 
tractive to insects, and it is scarcely possible to exclude 
very minute ones, the touch of which suffices to cause 
the explosion. Several plants wore covered by a net 
aud left till the surrounding plants had set their 
capsules ; and the rostella in most of the covered-up 
flowers were found not to have exploded, though their 
stigmas were withered, and the pollen mouldy and 
incapable of removal. Borne few of the very old 
flowers, however, when roughly touched, were still 
capable of a feeble explosion. Other flowers under 
the nets had exploded, and they had the tips of their 
pollifiia fixed to the crest of the rostellum ; but whether 
these had been touched by some minute insect, or had 
explode^ spontaneously, it was impossible tq detetf- 
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mine. It should be observed, that although I looked 
carefully, not a grain of pollen could be found on the 
stigmas of any of these flowers, and their ovaria had 
not swollen. During a subsequent year, several plants 
were again covered by a net, and 1 found that the 
rostellum lost its power of explosion in about four 
days ; the viscid matter having turned brown within 
the loculi of the rostellum. The weather at Ahe tirpe 
was unusually hot* and this probably hastened the 
process. After the four days the pollen had become 
very incoherent, and some had fallen on the two 
corners, and even over tlie whole surface of the stigma, 
which was penetrated by the pollen-tubes. But the 
scattering of the pollen was largely aided by, and 
perhaps wholly depended on, the presence of Thrips 
— insects so minute that they could not be excluded 
by any net, and which abounded on the flowers. This 
plant, therefore, is capable of occasional self-fertilisa- 
tion, if the access of winged insects be prevented ; but 
I have every reason to believe that this occurs very 
rarely in a state of nature. 

That insects do their work of cross-fertilisation 
effectually is shown by the following cases. The 
seven upper flowers on a young spike with many 
unexpanded buds, still retained their pollinia, but 
these had been removed from the ten lower flowers ; 
and there was pollen on the stigmas of six of them. 
In two spikes taken together, the twenty-seven lower 
flowers all h$d their pollinia removed, and had pollen 
on their stigmas; these were succeeded by five open 
flowers with the pollinia not removed and without any 
pollen tin the stigmas ; and these were succeeded by 
tiighteen buds. Lastly, in an older spike with forty- 
four fully expanded flowers, the pollinia had been 
removed from every single one ; and there was pollen, 
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generally in large quantity, on all the stigmas which 
1 examined. 

I will recapitulate the several special adaptations 
for the fertilisation of this plant. The anther-cells 
open early, leaving the pollen-masses free, protected 
by the summit of the column, and with their tips 
resting on the concave crest of the rostcllum. The 
rostellum then slowly curves over the stigmatic 
surface, so that its explosive cre§t stands at a little 
distance from the summit of the anther; and this 
is very necessary, otherwise the summit would be 
caught by the viscid matter, and the pollen for ever 
locked up. The curvature of the rostellum over thp 
stigma and over the base of the labellum is excellently 
adapted to favour an insect striking the crest when it 
raises its head, after having crawled up the labellum 
and licked the last drop of nectar. The labellum, as 
C. K. Sprengel has remarked, becomes narrower where 
it joins the column beneath the rostellum, so that 
there is no risk of an insect going too much to either 
side. The crest of the rostellum is so exquisitely 
sensitive, that a touch from a very minute insect 
causes it to rupture at two points, and instantly two 
drop’s of viscid fluid are expelled, which coalesce. This 
viscid fluid sets hard in so wonderfully rapid a manner 
that it rarely fails to cement the tips of the pollinia, 
nicely laid on the crest of the rostellum, to the fore- 
head of the touching insect. As soon as the rostellum 
has exploded it suddenly curves downwards so as*to 
project at right angles over the stigma, protecting it 
from impregnation at an early age, in the same* manner 
as the stigmas of the young flowers of Spiranthes are 
proteated by the labellum clasping the column. BuV 
as the column of Spiranthes after a time moves from 
the labellum, leaving a free passage for the introduc* 
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tion of the pollinia, so here the rostellum moves back- 
wards, and not only recovers its former arched position, 
but stands upright, leaving the stigmatic surface, now 
rendered more adhesive, perfectly free for pollen to be 
left on it. The pollen-masses, when once cemented to 
an insect’s forehead, will remain attached to it, until 
they are brought into contact with the stigma of a 
mature flower ; and then these encumbrances will be 
removed, by the rupturing of the weak elastic threads 
which tie the grains together ; the flower being at the 
same time fertilised. 

Listera cordata . — Professor Dickie of Aberdeen was 
so kind as to send me, but rather too late in the 
season, two sets of specimens. The flowers have essen- 
tially the same structure as in the last species. The 
loculi of the rostellum are very distinct. Two or three 
little hairy points project from the middle of the crest 
of the rostellum ; but I do not know whether these, 
have any functional importance. The labellum has 
two basal lobes (of which vestiges may bo seen in 
L. ovata) which curve up on each side; and these 
would compel an insect to approach the rostellum 
straight in front. In two of the flowers the pollinia 
were firmly cemented to the crest, of the rostellum ; 
but in almost all the others the pollinia had been 
previously removed by insects. 

In the following year Professor Dickie observed the 
flowers on living plants, and he informs me that, when 
the pollen f is mature, the crest of the rostellum is 
directed towards the labellum, and that, as soon as 
touched, the viscid matter explodes, the pollinia becom- 
jug attached to the touching object ; after the explosion, 
'the rostellum bends downwards, thus protecting the 
virgin stigmatic surface ; subsequently tt rises up and 
exposes the stigma ; so that here everything goes on 
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as I have described under Listera ovata. The flowers 
are frequented by minute biptera and Hymenoptera. 

Neottia nidus-avis . — I made numerous observations 
on this plant, the Bird’s-nest Orchis,* but they are not 
worth giving, as the action and structure of every 
part is almost identically the same as in Listera ovata 
and cordata . On the crest of the rostellum there are 
about six minute rough points, which seem particularly 
sensitive to a touch, causing the expulsion of the 
viscid matter. The exposure of the rostellum to the 
vapour of sulphuric ether for twenty minutes did not 
prevent this action, when it was touched. The label- 
lum secretes plenty of nectar, which I mention merely 
as a caution, because during one Cold and wet season 
I looked several times and could not see a drop, and 
was perplexed at the apparent absence of any attrac- 
tion for insects ; nevertheless, had I looked more per- 
severingly, perhaps I should have found some. 

The flowers must be freely visited by insects, for 
all in one large spike had their pollinia removed. 
Another unusually fine spike, sent me by Mr. Oxenden 
from South Kent, had borne forty-one flowers, and it 
produced twenty-seven large seed-capsules, besides 
some smaller ones. Dr. H. Muller of Lippstadt in- 
forms me that he has seen Diptera sucking the nectar 
and removing the pollinia. 

The pollen-masses resemble those of Listera, in 
consisting of compound grains tied together by a # few 
weak threads ; they differ in being much more inco- 
herent ; after a few days they swell and overhang the 
sides tfnd summit of the rostellum ; so that if the ros- 
tellum of a rather old flower be touched and an expk>- 

* This unnatural siokly-looking lives; but, according to Irmisch 
plant has generally been supposed (‘ Beitmge zur Biologie und Mor- 
to be parasitic on the roots of the phologie dor OrchidceA,' 18513, s. 
trees under the shade of which it 25), this ocrtainly is not the cage. • 
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sion caused, the pollen-masses are not so neatly caught 
by their tips as those of Listera. Thus a good deal ol 
the friable pollen is often left behind in the anther- 
cells and is apparently wasted. Several plants were 
protected from the access of winged insects by a net, 
and after four days the rostella had almost lost their 
sensitiveness and power to explode. The pollen had 
become extremely incoherent, and in all the flowers 
much had fallen on* the stigmas which were penetrated 
by the pollen-tubes. The spreading of the pollen 
seems to be in part caused by the presence of Thrips, 
many of which minute insects were crawling abotit the 
ffowers, dusted all over with pollen. The covered-up 
plants produced plenty of capsules, but many of these 
were much smaller and contained fewer seeds than 
those produced by the adjoining uncovered plants. 

If insects had been forced by the labellum being 
more upturned to brush against the anther and stigma, 
they would always have been smeared with the pollen 
as soon as it became friable; and they would thus 
have fertilised the flowers effectually without the aid 
of the explosive rostellum. This conclusion interested 
me, because, when previously examining Cephalan- 
thera, with its aborted rostellum, its upturned label- 
lum and friable pollen, 1 had speculated how a transi- 
tion, with each gradation useful to the plant, could 
have been effected from the state of the pollen in the 
sinplarly constructed flowers of Epipactis, with their 
pollinia attached to a well-developed rostellum, to the 
present condition of Cephalanthera. Neottia nidus - 
avis shoys us how such a transition might have been 
effected. This Orchid is at present mainly fertilised 
by means of the explosive rostellum, which acts effec- 
tually only as long as the pollen remains in mass; 
but we .have seen that as the flower grows *)ld the 
' pollen swells and becomes friable, and is then apt to 
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fall or be transported by minute crawling insects on 
to the stigma. By this means self-fertilisation is 
assured, should larger insects fail to visit the flowers. 
Moreover, the pollen in this state readily adheres to 
any object ; so that by a slight change in the shape of 
the flower, which is already less open or more tubular 
than that of Listera, and by the pollen becoming 
friable at a still earlier age, its fertilisation would be 
rendered more and more easy without the aid of the 
explosive rostellum. Ultimately it would become a 
superfluity ; and then, on the principle that every part 
which , is not brought into action tends to disappear, 
from causes which I have elsewhere endeavoured to 
explain,* this would happen with the rostellum. We 
should then see a new species, in the condition of 
Oephalanthera as far as its means of fertilisation were 
concerned, but in general structure closely allied to 
Neottia and Listera. 

Mr. Fitzgerald, in the introduction to his 4 Austra- 
lian Orchids,’ says that Thehjmitra carnea , one of 
the Neottem, invariably fertilises itself by means of the 
incoherent pollen falling on the stigma. Nevertheless 
a vigeid rostellum, and other structures adapted for 
cross-fertilisation are present. The flowers seldom 
expand, and never until they have fertilised them- 
selves ; so that they seem tending towards a cleisto- 
gene condition. Thelymtra lonr/ifolia is likewise fer- 
tilised in the bud, according to Mr. Fitzgerald, but. 
the flowers open for about an hour on fine days, and 
thus cross-fertilisation is at least possible. .On the 
other hand, the species of the allied genus Diijris are 
said to be wholly dependent on insects' for theiY, 
fertilisation. 

- 

* ‘ Variation of Animals tint! Plants under Domestication/ 2nd edit* 
vol. ii « H09. 
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CHAPTER V. 

MALAXED AND EPIDENDREJ3. 

Malaxis paludosa— Masilevallin, curious closed flowers — Bolbophyllfim, 
labellum kept in constant movement by every breath of air — Dendro- 
bium, contrivance for He‘lf-fV‘rti lisatiou — C .ttleya, simple manner of 
fertilisation — Epideiidiuui — Self-fertile Epidendmc. 

I have now described the manner of fertilisation of 

« 

fifteen genera, found in Britain, which belong, accord- 
ing to Lindley’s classification, to the Ophrem, Arethn- 
sea), and Neottcie. A brief account of several foreign 
genera belonging to these same tribes has been added, 
from observations published since the appearance of 
the first edition of this book. We will now turn to 
the groat exotic tribes of the Malaxeae, Epidendreae, 
and Vandeie, which ornament in so wonderful a 
manner the tropical forests. My chief object in 
examining these latter forms has been to ascertain 
whether their flowers were as a general rule fertilised 
by pollen brought by insects from another plant. I 
also wished to learn whether the pollinia underwent 
those curious movements of depression by which, as 
I had discovered, they are placed, after being removed 
by insects, in the proper position for str iking the 
stigmatic shrface. 

By the kindness of many friends and strangers I 
have been enabled to examine fresh flowers oi several 
species, belonging to at least fifty exotic genera, in 
the several sub-tribes of the above three great tribes.* 

* I'wn particularly indebted to Dr. Hooker, who on every occa- 
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It is not my intention to describe the means of fertili- 
sation in all these genera, # but merely to select a few 
curious cases which illustrate the foregoing descrip- 
tions, The diversity of the contrivances adapted to 
favour the intercrossing of flowers, seems to be ex- 
lmustless. 


MALAXED. 

Malaxis paludosa . — This rare orchid * is the sole 
representative of the tribe in this country, and it is 
the smallest of all the British species. The labellum 
is turned upward s,f instead of downwards, so that it 
does not afford a landing-place for insects as in most 
other Orchids. Its lower margin clasps the column, 
making the entrance into the flower tubular. From 


sion Las given me liis invaluable 
advice, ami has never become 
weary of sending me specimens 
from the 1 loyal Gardens at lvew. 

Mr. James Veitcli, jim., has 
generously given me many beau- 
tiful Orchids, some of which were 
of especial service. M r. It. Parker 
also sent me an extremely valu- 
able series of forms. Lady Dorothy 
Nevillfc most kindly placed her 
magnificent collection of Orchids 
at my disposal. Mr. ltuckor of 
West Hill, Wandsworth, sent me 
repeatedly lurgo spikes of Outase- 
tum, a Monnudes of extreme value 
and some Dendroid urns. Mr. 
ltodgers of Sevenonka has given 
me interesting information. Mr. 
liatemau, so well known for his 
magnificent work on Orchids, 
sent me a number of interesting 
forms, including the wonderful 
Angrwcum tmquipedale. I am 
greatly indebted to Mr. Turnbull 
of DowiT for allowing me the freo 
use of his hothouses, and for 
giving me some interesting Or- 
chids ; and^to his gardener, Mr. 


Ilorwood, for his aid in some of 
my observations. 

Professor Oliver lias kindly 
assisted me with his large stores 
of knowledge, and has called my 
all entioi » to several papers. Lastly, 
Dr. Lind ley has sent me fresh 
and dried specimens, and has in 
the kindest manner helped me in 
various ways. 

To thes-o gentlemen I can only 
express my cordial thanks for 
llieir unwearied and generous 
kindness. 

* 1 am greatly indebted to Mr. 
Wallis, of Hartfield, in Sussex, 
for numerous living specimens of 
this Orchid. 

f Sir James Smith, I believe, 
first noticed fluff fact in the 
‘ English Flora,* vol. iv. p. 47, 
1828. Towards the summit of 
the spike the lower sepal docs not 
depend, as represented in th% 
woodcut (fig. IS), A), but projects 
nearly at right angles. Nor are 
the flowers always so completely 
twisted round as here represented^ 
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Malax is paludosa. 

(Partly copied from Bauer, but modified from living specimens.) 


a . anther. v. spiral vessels. C. Back view of the column in a 

p. pollen. r. rostellum. flower-bud, showing the anther 

cl. clinandrum. s. stigma. with the included pear-shaped 

/. labcllum. polliuia dimly seen, and the 

u . the sepal whfch in most orchids posterior edges of the clinan- 

stands on the upper side of the drum. 

flower.' D. Back view of an expanded flower, 

A. Perfect flower viewed laterally, with the anther now contracted 

with \he labellum in its natu- ' and shrivelled, exposing the 
1 ral position, upwards. pollinia. 

B. Column viewed in front, showing E. The two pollinia attached to a 

the rostellum, the pocket-like little transverse mass of viscid 

stigma, and the anterior late- matter, hardened by spirits of 

ral portions of the clinandrum. wine. 
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its position it partially protects the organs of fructi- 
fication (fig. 19). In most of the Orchidea*, the upper 
sepal and the two upper petals afford protection ; but 
here these two petals and all the sepals are reflexed 
(as may be seen in the drawing, fig. A), apparently to 
allow insects freely to visit the flower. The position 
of the labellum is the more remarkable, because it 
haif been purposely acquired, as shown by the ovarium 
being spirally twisted. In all Orchids the labellum 
is properly directed upwards, but assumes its usual 
position on the lower side of the flower by the twist- 
ing of the ovarium ; but in Malaxis the twisting has 
been carried so far that the flower occupies the posi- 
tion which it would have held if the ovarium had 
not been at all twisted, and which the ripe ova- 
rium afterwards assumes, by a process of gradual 
untwisting. 

When the minute flower is dissected, the column is 
seen to be longitudinally tripartite; the middle 
portion of the upper half (see fig. B) is the rostellum. 
The upper edge of the lower part* of the column 
projects whore united to the base of the rostellum, 
and forms a rather deep fold. This fold is the stig- 
matic cavity, and may be compared to a waistcoat- 
pocket. I found pollen-masses which had their broad 
ends pushed by insects into this pocket; and a 
bundle of pollen-tubes had here penetrated the 
stigmatic tissue. 

The rostellum, which stands immediately* above the 
stigmatic cavity, is a tall-membranous projection of a 
whitish colour, formed of square cells, and is covered 
with a \hin layer of viscid matter : it is slightly con- 
cave posteriorly, and jits crest is surmounted by a 
minute tongue-shaped mass of viscid matter. The 
column, with its narrow pocket-like stigma and the 

E 2 
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rostellum above, is united on each side behind to a 
green membranous expansion, convex exteriorly and 
concave interiorly, of which the summits on each side 
are pointed and stand a little above the crest of the 
rostellum. These two membranes sweep round (see 
back views, figs. C and D), and are united to the 
filament or base of the anther ; they thus form a cup- 
like clinandrum behind the rostellum. The use of this 
cup is to protect laterally the pollen-masses. When 
I have to treat of the homologies of the different parts, 
it will be shown by the courfee of the spiral vessels 
that, these two membranes consist of the two upper 
anthers of the inner whorl, in a rudimentary condition, 
but utilised for this special purpose. 

In a flower before it expands, a little mass or drop 
of viscid fluid maybe seen on the crest of the ros- 
tellum, rather overhanging its front surface. After 
the flower has remained open for a little time, this 
drop shrinks and becomes more viscid. Its chemical 
nature is different from that of the viscid matter in 
most Orchids, for it remains fluid for many days, 
though fully exposed to the air. From these facts 
1 concluded that the viscid fluid exuded from the 
ci;est of the rostellum ; but fortunately I examined 
a closely-allied Indian form, namely, the Microstylis 
rhedii (sent me from Kew by Dr. Hooker), and in 
this, before the flower opened, there was a similar drop 
of viscid matter ; but on opening a still younger bud, 
I found a" minute, regular, tongue-shaped projection 
on thd crest of the rostellum, formed of cells, which 
when- slightly disturbed resolved themselves into a 
drop of viscid matter. At this age, also, the front 
surface of the whole rostellum, between its crest and 
the pocket-like stigma, was coated with cells filled 
with 'similar brown viscid matter; so that, there can 
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be little doubt, had I examined a young enough bud 
of Malaxis, I should have found a similar minute 
tongue-shaped cellular projection on the crest of the 
rostellum. 

The anther opens widely whilst the flower is in 
bud, and then shrivels and contracts downwards, so 
that, when the flower is fully expanded, the pollinia 
are quite naked, with the exception of their broad 
lower ends, which rest in two little cups formed by 
the shrivelled anther-cells. This contraction of the 
anther is represented in fig. I.) in comparison with fig. 
C, which shows the state of the anther in a bud. 
The upper and much pointed ends of the pollinia* 
rest on, but project beyond, the crest of the rostellum; 
in the bud they are unattached, but by the time the 
flower opens they are always caught by the posterior 
surface of the drop of viscid matter, of which the 
anterior surface projects slightly beyond the face of 
the rostellum. That they are caught without any 
mechanical aid I ascertained by allowing some buds 
to open in my room. In fig. E the pollinia are shown 
exactly as they appeared (but not quite in their 
natural position) when removed by a needle from a 
specimen kept in spirits of wine, in which the irre- 
gular little mass of viscid matter had become hardehed 
and adhered firmly to their tips. 

The pollinia consist of two pairs of very thin leaves 
of waxy pollen ; and the four leaves are formed j>f 
angular compound grains which never separate. As 
the pollinia are almost loose, being retained merely by 
the adUbsion of their tips to the viscid fluid, and by 
their bases resting in the shrivelled anther-cells, and 
as the*petals and sepals are much reflexed, the pollinia, 
when the flower is fully expanded, would have been 
liable tojbe blown away or out of their proper position, 
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had it not been for the membranous expansions on 
each side of the column forming the clinandrum, 
within which they lie safely. 

When an insect inserts its proboscis or head into 
the narrow space between the upright labellum and 
the rostellum, it will infallibly touch tho little pro- 
jecting viscid mass, and as soon as it flies away it 
will withdraw the pollinia. I easily imitated tjiis 
action by inserting any small object into the tubular 
flower between the labellum and rostellum. When 
the insect visits another flower, the very thin pollen- 
leaves attached parallel to the proboscis, or head, will 
be forced into the pocket-like stigma with their broad 
ends foremost. I found pollinia in this position glued 
to the upper membranous expansion of the rostellum, 
and with a large number of pollen-tubes penetrating 
the stigmatic tissue. The use of the thin layer of 
viscid matter, which coats the surface of the rostellum 
in this genus and in M icrostylis, and which is of no 
use for the transportal of the pollen from flower to 
flower, seems to be to keep the leaves of pollen fixed 
in the narrow stigmatic cavity when their lower ends 
have been inserted by insects. This fact is rather 
interesting under a homological point of view, for, as 
we* shall hereafter see, the primordial nature of the 
viscid matter of the rostellum is that which is common 
to the stigmatic secretion of most flowers, namely, the 
retention of the pollen, when placed by any means on 
its stigma. 

The flowers of the Malaxis, though so small and 
inconspicuous, are highly attractive to insect*. This 
jvas shown by the pollinia having been removed from 
all the flowers on the spikes which I exainined, 
excepting from one or two close* under the buds. In 
‘some pld flower-spikes every single pollinium had 
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been earned away. Insects sometimes remove only 
one of the two pairs. I noticed a flower with all four 
pollen-leaves still in place, with a single one in the 
stigmatic cavity; and this must clearly have been 
brought by some insect. Within the stigmas of many 
other flowers pollen-leaves were observed. The plant 
produces plenty of seed ; and thirteen of the twenty-one 
lojver flowers on one spike had formed large capsules. 

We will now turn to some exotic genera. The pol- 
linia of Pleurotliallis proliftra and ligulatn (?) have a 
minute caudicle, and mechanical aid is requisite to 
force the viscid matter from the under side of the 
rostellum into the anther, thus to catch the caudicles 
and remove the poll in ia. On the other hand, in our 
British Malaxis and in Microstylis rlieilii from India, 
the upper surface of the minute tongue-shaped ros- 
tellum becomes viscid and adheres to the pollinia 
without any mechanical aid. This appears likewise to 
be the case with Stelis raemijlora, but the flowers were 
uot in a good state for examination. I mention this 
latter flower partly because some insect in the hot- 
house at Kew had removed most of the pollinia, and 
had left some of them adhering to the lateral stigmas. 
These curious little flowers are widely expanded and 
much exposed ; but after a time the three sepals close 
together with perfect exactness, so that it is scarcely 
possible to distinguish an old flower from a bud : yet, 
to my surprise, the closed flowers opened when jm- 
mersed in water. 

The allied Masdevallia fenestrata bears $n extra- 
ordinary flower. The three sepals instead of closing, 
a3 in the case of Stelis after the flower has remained 
for a* time expanded, cohere together and never open. 
Two minuto, lateral 1 , oval windows (hence the name 
fenestrata), are seated high up the flower opposite each 
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other, and afford the only entrance ; but the presence 
of these two minute windows (fig. 20) shows how neces- 
sary it is that insects should visit the flower in this 
case as in that of most other Orchids. How insects 
perform the act of fertilisation I have failed to under- 
stand. At the bottom of the roomy and dark chamber 
formed by the closed sepals, the minute column stands, 
and in front of it is the furrowed labellujn, with* a 
highly flexible hinge, and on each side the two upper 
petals; a little tube being thus formed. When there- 


Fi*. 20. 
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fore a minute insect enters, or 
which is less probable, a larger in- 
sect inserts its proboscis through 
either window, it has to find by 
the sense of touch the inner tube 
in order to reach the* nectary at 
the base of the flower. AVithin 
the little tube, formed by the 
column, labellum, and lateral 


TRATA * petals, a broad and hinged rostel- 

ln , m , wi«* •» ^ 

». nectary. winch can easily be upturned. 

Its under surface is viscid, and 
this viscid matter soon sets hard and dry. The minute 
caudicles of the pollinia, projecting out of the anther- 
case, rest on the base of the upper membranous surface 
of the rostellum. The stigmatie cavity when mature 
is ,uot very deep. After cutting away the sepals I 
vainly endeavoured, by pushing a bristle into the 
tubular flower, to remove the pollinia, but by the aid 
of a bent needle, this was effected without' much 
difficulty. The whole structure of the flower seems 
as if intended to prevent the flower from being easily 
fertilised ; and this proves that we do not understand 
its structure. Some small insect had entered one of 
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the flowers in the hothouse at Kew, for many eggs 
were deposited within it, near the base. 

Of llolbophyllum I examined the curious little 
flowers of four species, which 1 will not attempt fully 
to describe. In B. cupreum and cocoinum , the upper and 
lower surfaces of the rostellum resolve themselves into 
viscid matter, which has to be forced upwards by insects t 
into the anther, so as to secure the pollinia. I effected 
this easily by passing a needle do\Vn the flower, which 
is rendered tubular by the position of the labellum, 
and then withdrawing it. In B. rhizophorm the anther- 
case moves backwards, when the flower is mature, 
leaving the two pollen-masses fully exposed, adhering 
to the upper surface of the rostellum. They are held 
together by viscid matter, and, judging from the 
action of a bristle, are always removed together. The 
stigmatic chamber is very deep with an oval orifice, 
which exactly fits one of the two pollen-masses. After 
the flower has remained open for some time, the sides 
of the oval orifice close in and shut the stigmatic 
chamber completely, — a fact which 1 have observed in 
no other Orchid, and which, I presume, is here related 
to t-iie much exposed condition of the whole flower. 
When the tw T o pollinia were attached to a needle or 
bristle, and were forced against the stigmatic chamber, 
one of the two glided into the small orifice more readily 
than could have been anticipated. Nevertheless, it is 
evident that insects must place themselves on suc- 
cessive visits to the flowers in precisdy the same 
position, so as first to remove the two pollinia, and 
then farce one of them into the stigmatic orifice. The 
two upper filiform petals would serve as guides 
the insect ; but the labellum, instead of making the 
flower tubular, hangs down just like a tongue out of a 
widely qpen mouth. 
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The labellum in all the species which I have seen, 
more especially in B. rhizopliorm, is remarkable by 
being joined to the base of the column by a very 
narrow, thin, white strap, which is highly clastic and 
flexible; it is even highly elastic when stretched, 
like an india-rubber band. When the flowers of this 
species were blown by a breath of wind the tongne-like 
labella all oscillated to and fro in a very odd manner. 
In some species not seen by me, as in B. larbigerum, 
the labellum is furnished with a beard of fine hairs, 
and these are said to cause the labellum to be in 
almost constant motion from the slightest breath of 
a*ir; What the use can be of this extreme flexibility 
and liability to movement in the labellum, I cannot 
conjecture, unless it be to attract the notice of insects, 
as the flowers of these species are dull-coloured, small, 
and inconspicuous, instead of being large, brightly- 
coloured, and conspicuous or odoriferous, as in so many 
other Orchids. The labella of some of the species are 
said to be irritable, but I could not detect a trace of 
this quality in those examined by me. According to 
Lindley, the labellum of the allied Megaclinium falca- 
turn spontaneously oscillates up and down. 

The last genns of the Malaxese which I will mention 
is Dendrobium, of which one at least of the species, 
namely D. clirymnthum, is interesting, from being 
apparently contrived to effect its own fertilisation, if 
an, insect, when visiting the flower, should fail to 
remove the* pollen-masses. The rostellum has an 
upper and a small lower surface composed of mem- 
brane ; and between these is a thick mass of 'milky- 
white matter which can be easily forced out. This 
white matter is less viscid than is usual; but' when 
exposed to the air a film forms' over it in less than 
half a .minute, and it soon sets into a waxy qr cheesy 
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substance. The large concave but shallow stigmatic 
surface is seated beneath the rostellum. The pro- 
duced anterior lip of the anther (see A) almost entirely 
covers the upper surface of the rostellum. The fila- 
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a. a ii flier. s. st tenia, 

r. rostellum. 1. labellum. 
ii. nectary. 

A. Lateral view of flower, with the 
anther in its proper position, 
fore the ejection of the pol- 
nia. All the sepals and petals 
re removed except the label- 
ing which is longitudinally 
•isectcd. 


B. Outline of column, viewed later- 

al ly, si ft or the antlier has ejected 
the j> dlinia. 

C. Front T iew of column, showing 

the e: ipty cells of the anther, 
after t has ejected its pollinia. 
The anther is represented hang- 
ing too low down, and cov<$*ing 
more of the 0 stigma than it 
really does. 


ment pf the anther is of considerable lengthy but is 
hidden in the side view. A, behind the middle of the % 
anthdt; in the section, B, it is seen, after it has 
sprung forward : it Is elastic, and presses the anther 
firmly down on the inclined surface of the .clinan- 
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drum (see fig. B) which lies behind the rostellum. 
When the flower is expanded the two pollinia, 
united into a single mass, lie quite loose on the 
climmdrum and under the anther-case. The labellum 
embraces the column, leaving a passage in front. The 
middle portion of the labellum (as may be seen in 
fig. A) is thickened, and extends up as far as the 
top of the stigma. The lowest part of the column 
is developed into a saucer-like nectary, which secretes 
honey. 

As an insect forces its way into one of these flowers, 
the labellum, which is elastic, will yield, and the 
projecting lip of the anther will protect the rostellum 
from being disturbed ; but as soon as the insect 
retreats, the lip of the author will be lifted up, and 
the viscid matter from the rostellum forced into the 
anther, gluing the pollen-mass to the insect, which 
will thus be transported to another flower. I easily 
imitated this action ; but as the pollen-masses have 
no caudicle and lie rather lar back within the clinan- 
drum bem th the author, and as the matter from the 
rostellum is not highly viscid, they were sometimes 
left behind. 

Owing to the inclination of the base of the clinan- 
drum, and owing to the length and elasticity of the 
filament, as soon as the anther is lifted up it always 
springs forward, over the rostellum, and remains 
hanging there with its lower empty surface (fig. C) sus- 
pended over4he summit of the stigma. The filament 
now stretches across the space (see fig. B) which 
was originally covered by the anther. SeveraKtimes, 
having cut off all the petals and labellum, and laid 
the flower under the microscope, I raised the lip of the 
anther with a needle, withput disturbing the rostellum, . 
and saw the anther assume, with a spring, the^position 
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represented sideways in fig. B, Sind frontways in fig. 
C. By this springing action the anther scoops the 
pollinium out of the concave clinandrum, and pitches 
it up in the air, with exactly the right force so as to 
fall down on the middle of the viscid stigma, where it 
adheres. 

Under nature, however, the action cannot be as thus 
described, for the labellum hangs downwards; and to 
understand what follows, the drawing should be placed 
in an almost reversed position. If an insect failed to 
remove the pollinium by means of the viscid matter 
from the rostelluin, the pollinium would first be jerked 
downwards on to the protuberant surface of the lab£l- 
lum, placed immediately beneath the stigma. But it 
must be remembered that the labellum is elastic, and 
that nt the? same instant that the insect, in the act of 
leaving the llower, lifts up the lip of the anther, and 
so causes the pollininm to he shot out, the labellum 
will rebound back, and striking the pollinium will 
pitch it upwards, so as to hit tins adhesive stigma. 
Twice I succeeded in effecting this by imitating the 
retreat of an insect, with the llower held in its natural 
position ; and on opening it, found the pollinium 
glued to the stigma. 

This view of the use of the elastic filament, seeing 
how ^implicated the action must be, may appear 
fane W ; but wo have seen so many and such curious 
adaptations, that 1 cannot believe the strong elasticity 
of the filament and the thickening of the middle part 
of the labellum to be used css points of structure. If 
the rotioii be as I ha ve described, wo can ^perceive 
their meaning, for it would be an advantage to thg 
plant that its single large pollen-mass should not be 
wasted, supposing that it failed to adhere to an insect 
by means of the viscid matter from the rostelluin. 
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This contrivance is hot common to all the species of 
the gen&s ; for in neither D. biyihbum nor D.formosum 
was the filament of the anther elastic, nor was the 
middle line. of the labellum thickened. In D. tortile 
the filament is elastic; but as I examined only a 
single flower, and before I had made out the structure 
of D. chrysauthum , I cannot say how it acts. 

Mr. Anderson states * that on one occasion the flowers 
of his Dendrobium ctetaceum did not expand, and yet 
they produced capsules, one of which he sent me. 
Almost all the numerous seeds in this capsule con- 
tained embryos, thus differing greatly from the cases 
presently to be given of the self-fertilised seeds from 
the non-expanded flowers of a Cattlcya. Mr. Anderson 
remarks that Dendrobiums are the sole representatives 
of the Mai ax ere which, as far as he has seen, spon- 
taneously form capsules. He likewise states that in 
the immense group of the Vandem, hereafter to be 
described, none of the species under his care, with 
the exception of some belonging to the sub-division 
of the Brassidne and of Sarcanthus parishii, has ever 
spontaneously produced a capsule. 

EriDENDKEiE. 

The Epidendreie and Malaxcm are characterised by 
the pollen-grains cohering into large waxy masses. 
In the latter of these groups the pollinia are said not 
to fie furnished with caudicles, but this is not uni- 
versally the case, for they exist in MasdevaUia fenes - 
trata and some other species in an efficient conation, 
although* unattached and of minute size. In the 
Epidendrem, on tho other hand, free or unattached 
caudicles are always present. For my purpose these 

‘ Journal of Horticulture,’ 1863, pp. 206, 287. 



Chap. V. 


CATTLEYA. 


143 


two great tribes might have been cun together ; as the 
distinction drawn from the* presence of caudiclcs does 
not always hold good. But difficulties of this nature 
are frequently encountered in the classiiication of 
largely developed or so-called natural groups, in which 
thero has been comparatively little extinction. 

I will begin with the genus Cattloya, of which I 
lu^ve examined several species. These are fertilised 
in a very simple manner, different; from that in any 
British Orchid. The rostellum (r, fig. 22, A, B) is a 
broad, tongue-shaped projection, which arches slightly 
over the stigma ; the upper surface is formed of smooth 
membrane ; the lower surface together with the central 
portion (originally a mass of cells) consists of a very 
thick layer of viscid matter. This viscid mass is 
hardly separated from the viscid matter thickly coating 
the stigmatic surface which lies (dose beneath the ros- 
tellum. The projecting upper lip of the anther rests 
on, and opens close over the base of the upper mem- 
branous surface of the tongue-shaped rostellum. The 
anther is kept closed by a spring, at its point of at- 
tachment on the top of the column. The pollinia 
consist of four (or eight in Cattleya criapri) waxy 
masses, each furnished (seo figs. C and D) with a 
ribbon-like tail, formed of a bundle of highly elastic 
threads, to which numerous separate pollen-grains are 
attached. The pollen therefore consists of two kinds, 
namely, waxy masses and separate though compound 
grains (each, as usual, consisting of four) united f>y 
elastic threads. This latter kind of pollen is identical 
with ti^t of Epipactis and other Neotte®.* These tails, 
with their appended pollen-grains, act as cahdicles, 

* Tne pollen-manses of JUetia published by Lindley in hie ‘ 11- 
are admirably represented on a lustrations.’ 
large scale in Bauer’s drawings, 
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and are thus designated, for they serve as the means 
for the removal of the larger waxy masses from the 
anther-cells. The tips of the caudicles are generally 
reflexed, and in the mature flower protrude a little 

Fig. 22. 
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a . anther. 

b, spring at the top of the column. 
p. pollen-masses. 

r. rostellum. 

s. stigma. 
col. columu. 

L <* labellum. 
n. nectary. a 
g. ovarium, or germen. 

A. Front view of column, with all 
the sepals and petals removed. 


B. Section and lateral view of the 
flower, with all the sepals and 
petals removed, except the bi- 
■' ■ sec ted labellum shown only in 

| outline. 

j C. Anther viewed on the under side, 
| showing the four caudicles with 

| the four pollen-masses beneath, 

j D. A single pollinium, viewed later- 
ally, showing the pollen-mass 
i and caudicle. 


way out of the anther-case (see fig. A) lying an the 
base of the upper membranous dip of the rostellum. 
•The labellum enfolds the column, making the flower 
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tubular, and its lower part is produced into a nectary 
which penetrates the ovariftm. 

Now for the action of these parts. If any body of 
size proportional to that of the tubular flower be 
forced into it — a dead humble-bee acts very well — the 
tongue-shaped rostellum is depressed, and the object 
often gets slightly smeared with viscid matter ; but 
ii^ withdrawing it, the rostellum is upturned, and a 
surprising quantity of viscid matter is forced over the 
edges and sides, and at the same time into the lip of 
the anther, which is also slightly raised by the up- 
turning of the rostellum. Thus the protruding tips 
of the caudiclcs are instantly glued to the retreating 
object, and the pollinia are withdrawn. This hardly 
ever failed to occur in my repeated trials. A living 
bee or other large insect alighting on the fringed 
edge of the labellum, and scrambling into the flower, 
would depress the labellum and would be less likely 
to disturb the rostellum, until it had Sucked the 
nectar and began to retreat. When a dead bee, with 
the four waxy balls of pollen dangling by their 
caudicles from its back, is forced into another flower, 
some or all of them are caught with certainty by the 
broad, shallow, and highly viscid stigmatic surface, 
which likewise tears off the grains of pollen from the 
threads of the caudicles. 

That living humble-bees can thus remove the 
pollinia is certain. Sir W. C. Trevelyan sent to IJjlf. 
Smith of the British Museum a liombys liortorum > 
which was forwarded to me — caught in his hothouse, 
where 4 a Cattleya was in flower — with its whole back, 
between the wings, smeared with dried viscid ‘matter 
and tfith the .four pollinia attached to it by their 
caudicles, ready to be caught by the stigma of any 
other flower if the bee had entered one. 

m 
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Those species which I have examined of Lielia, 
Leptotes, Sophronitis, Barkeria, Phaius, Evelyna, 
Bletia, Chysis, and Ccelogyne, resemble Cattleya in 
the caudides of the pollinia being free, and in the 
viscid matter from the rostellmn not coming into 
contact with them without mechanical aid, as well as 
in their general manner of fertilisation. In Ccelogyne 
crist at a the upper lip of the rostellmn is much elon- 
gated. In Evelyna' carivata and Chysis eight balls of 
waxy pollen are all united to a single caudicle. In 
Barkeria the labellum, instead of enfolding the column, 
is pressed against it, and this would effectually compel 
insects to brush against the rostellmn. In Epidendrum 
we have a slight difference ; for the upper surface of 
the rostellmn, instead of permanently remaining mem- 
branous, as in the above-named genera, is so tender 
that by a touch it breaks up, together with the whole 
lower surface, into a mass of viscid matter. In this 
case the whole of the rostellmn, together witli the 
adherent pollinia, must be removed by insects as they 
retreat from the flower. 1 observed in E. glaucum that 
viscid matter exuded from the upper surface of the 
rostellmn when touched, as happens with Epipaetis. 
In fact it is difficult to say, in those cases, whether 
the upper surface of the rostellmn should be called 
membrane or viscid matter. With Chysis this matter 
sets nearly hard and dry in twenty minutes, and 
quite so in thirty minutes after its removal from the 
rostellmn. < 

In Epidendrum Jlonlundum there is a rather greater 
differeqeo : the anterior horns of the clinandrufn (i. e. 
the cup on the summit of the column in which the 
pollinia lie) approach each other so closely ®as to 
adhere to the two sides of the rostellmn, which con- 
sequently lies in a nick, with the pollinia seated over 
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it; and as, in this species, the upper surface of the 
rostellum resolves itself into viscid matter, the cau- 
dicles of the pollinia become glued to it without any 
mechanical aid. The pollinia, though thus attached, 
cannot, of course, be removed from their anther-cells 
without the aid of insects. In this species it seems 
possible (though, from the position of parts, not 
pfobable) that an insect might drag the pollinia out 
and leave them on the stigma of tlie same flower. In 
all the other species of Epidendrum which I examined, 
and in all the above-mentioned genera, it is evident 
that the viscid matter has to be forced upwards into 
the lip of the anther by a retreating insect, which 
would thus necessarily carry the pollinia from one 
flower to the stigma of another. 

Nevertheless, self- fertilisation takes place in some 
Epidendreae. I)r. Criiger says * that “ we have in 
Trinidad three plants belonging to this family (a 
Schoiuburgkia, Cattleya, and Epidcndron) which rarely 
open their flowers, and they are invariably' found to be 
impregnated when they do open them. In these cases 
it is easily seen that the pollen-masses have been acted 
on ky the stigmatie fluid, and that the pollen-tubes 
descend from the pollen-masses in situ down into the 
ovarian canal.” Mr. Anderson, a skilful cultivator of 
Orchids in Scotland, also states that several of his 
Epidendrere fertilise themselves spontaneously. t In 
the case of Cattleya crispa , the flowers sometimes do 
not expand properly ; nevertheless they produce cap- 
sules, one of which he sent to mo. It contained an 
abundance of seeds, but on examination I found thg* 

* 1 Jonm. Linn. Soc. BoA* vol. paper Mr. Gosse gives an account 
viii. 1864, p. 181. of his microscopical examination 

t ‘Journal of Horticulture/ of the self-fertilised seed*. 

1863, p. 20(J%nd 287 : in the latter 

L 2 
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only about one per cent, contained an embryo. Similar 
seeds were more carefully examined by Mr. Gosse, who 
found that two per cent, contained an embryo. Aliout 
twenty-five per cent, of the seeds from a self-fertilised 
capsule of Lidia dnnabarina , also sent to me by 
Mr. Anderson, were found to be good. It is therefore 
doubtful whether the capsules spontaneously self-ferti- 
lised in the West Indies, as described by I)r. Criige r, 
were fully and properly fertilised. Fritz Muller in- 
forms ine that he has discovered in South Brazil 
an Epidendrum which bears three pollen-producing 
tyithers, and this is a great anomaly in the order. 
This species is very imperfectly fertilised by insects ; 
but by means of the two lateral anthers the flowers 
are regularly self-fertilised. Fritz Muller assigns good 
reasons for his belief that the appearance of the two 
additional anthers in this Epidendrum, is a case of 
reversion to the primitive condition of the whole 
group.* 


* Soe also ‘ Dot. Zeitung,’ 1801), p. 22C. aud 1870, p. 152. 
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CHAPTER VI. 

VA.NDK/E. 

Structure of tlio column and pollinia— Impprtance of the elasticity of 
tin.* pcilicd ; its j)o\vor of movement — Elasticity and strength of the 
caw Holes— 1 Cnlautlic with lateral stigmas, manner of fertilisation — 
Aiigrmuuni sesejuipedah*, wonderful length of nectary — Species with 
the entrance into the stigmatic chamber much contracted, so that 
the pollen-masses can hardly be inserted — Coryanthes, extraordinary 
manner of fertilisation. 

We now come to the immense tribe of the Vandofe, 
which includes many of the most magnificent produc- 
tions of our hothouses, but like the Epidendrae lias 
no Jiritisli representative. I have examined twenty- 
nine genera. The pollen consists of waxy masses, as 
in the two last tribes, and each hall of pollen is 
furnished with a caudide, which becomes, at an early 
period of growth, united to the rostellum. The eau- 
dicle is seldom attached directly to the viscid disc, as 
in most of the Ophrem, but to the upper and posterior 
surface of the rostellum ; and this part is removed by 
insects, together with the disc and pollen-masses. The 
sectional diagram (fig. 23), with the parts separated, 
will best explain the type-structure of the Yandem. 
As in the rest of the Orchidem there £y:e three con- 
fluent pistils; of these the dorsal one (2) forms the 
rostellum arching over the two others (3) which unite 
to form a single stigma. On the left hand* we htyre 
the filament Q.) bearing the anther. The anther opcn& 
at an early period, # and the tips of the two caudicles 
(but only one caudicle and one pollen-mas^ are re- 
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presented in the diagram) protrude in a not fully- 
hardened condition through «a small slit, and adhere to 
the back of the rostellum. The upper surface of the 
rostellum is generally hollowed out for the reception 
of the pollen-masses ; it is represented as smooth in 
the diagram, but is really often furnished with crests 

Fig. 23. 

anther, cnudicle. 

pedicel of 
rostellum. 

viscid disc, 
stigma. 


12 3 

Imaginary Section, illustrative of the structure of the column in the 
Vandljk. 

(1.) The filament, bearing the an- (2.) The upper pistil, with the 
thcr with its pollen-masses ; tipper part modified into the 

the anther is represented after rostellum. 

it has opened along its whole (3.) The two lower confluent pistils, 
under surface, so that the bearing the two confluent 

section shows only the dorsal stigmas, 

surface. 

or knobs for the attachment of the two caudiclcs. 
The anther afterwards opens more widely along its 
under surface, and leaves the two pollen-masses un- 
attached, excepting hy their caudicles to the rostellum. 

, ‘During an early period of growth, a remarkable 
‘ change has been going on in the rostellum : either its 
extremity or its lower surface becomes excessively 
Viscid (forming the viscid disc), and a line of separa- 
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tion, at first appearing as a zone* of hyaline tissue, is 
gradually formed, which sets free the disc, as well as 
the whole upper "surface of the rostellum, as far back 
as the point of attachment of the caudicles. If any 
object now touches the viscid disc, it, together with 
the whole back of the rostellum, the caudicles and 
pollen-masses, can all be readily removed together. 
I a botanical works the whole structure between the 
disc or viscid surface (generally called the gland) and 
the balls of pollen is designated as the caudicle ; but 
as these parts play an essential part in the fertilisation 
of the flower, and as they are fundamentally different 
in their origin and in their minute structure, I shall 
call the two elastic ropes, which are developed strictly 
within the anther-cells, the caudicles ; and the portion 
of the rostellum to which the caudicles are attached 
(see diagram), and which is not viscid, the pedicel.. 
The visci(f portion of the rostellum I shall call, as 
heretofore, the viscid surface or disc. The whole may 
be conveniently spoken of as the pollinium. 

In the Ophrese we have (except in 0. pyramidaUs 
and a few other species) two separate viscid discs. In 
the Vandece, with the exception of Angrieeum, we have 
only one disc. The disc is naked, or is not enclosed 
in a pouch. In Habenaria the discs, as we have seen, 
are separated from the two caudicles by short drum- 
like pedicels, answering to the single and generally 
much more largely developed pedicel in the Yande*e. 
In the Ophrete the caudicles. of the poyinia, though 
elastic, are rigid, and servo to place the packets of 
pollen at the right distance from the insect’s head or 
proboscis, so as to reach the stigma. In the*YandfQpe 
this end is gained by the pedicel of the rostellum^ 
The two caudicles fn the Yandero are embedded and 
attache^ within a deep cleft in the pollen-masses, 



152 


VANDEJE. 


Chap. VI. 


and until stretched We rarely visible, for the pollen- 
masses lie close to the pedicel of the rostellum. These 
caudicles answer both in position and function to the 
elastic threads, by which the packets of pollen are tied 
together in the Ophrere, at the point where they become 
confluent ; for the function of the true caudicle in the 
Vandeae is to break when the masses of pollen, trans- 
ported by insects, adhere to the stigmatic surface. * 

In many Vandem the caudicles are easily ruptured, 
and the fertilisation of the flower, as far as this point 
is concerned, is a simple affair ; but in other, cases their 
strength, and the length to which they can be stretched 
Indore they break, are surprising. 1 was at first per- 
plexed to understand what purpose these qualities 
could serve. The explanation probably is that the 
pollen-masses in this tribe are very precious objects ; 

« in most of the genera a flower produces only two, and 
judging from the size of the stigma both are generally 
left adhering to it. In other genera, however, the 
orifice leading into the stigma is so small that probably 
only one pollen-mass is left on it, and in this case the 
pollen from one flower would suffice to fertilise two 
flowers, but never a greater number. From the large 
size of the flowers of many of the Yandem, they no 
doubt are fertilised by large insects, and these whilst 
flying about would be likely to brush away and lose 
the pollinia attached to them, unless the caudicles were’ 
very strong and highly elastic. So again, when an 
insect thus provided visited a flower either too young, 
with its stigma not yet sufficiently adhesive, or one 
already impregnated, with its stigma beginning to dry, 
the strength of the caudicle would prevent the pollen- 
masses from being uselessly removed and lost. 

Although the stigmatic surface is astonishingly 
aedhesivp at the proper period in many of these Orchids, 
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for instance, in Phalasnopsis and Saccolabium, yet when 
I inserted their pollinia att'ached to a rough object into 
the stigmatic chamber, they did not adhere with suffi- 
cient forpe to prevent their removal from the object. I 
oven left them for some little time in contact with the 
adhesive surface, as an insect would do whilst feeding ; 
but when I pulled the pollinia straight out of the 
stigmatic chamber, the caudicles, though they were 
stretched to a great length, did mat rupture, nor did 
their attachment to the object yield so that tho balls 
of pollen were withdrawn. It then occurred to me 
that an insect in flying away would not pull the 
pollinia straight out of the chamber, but would pull 
at nearly right angles to its orifice. Accordingly I 
imitated the action of a retreating inseet, and dragged 
the pollinia out of the stigmatic chamber at right 
angles to its orifice; and now the friction on the 
caudicles thus caused, together with the adhesiveness 
of the stigmatic surface, generally sufficed to rupture 
them ; the pollen-masses being left on the stigma. 
Thus, it seems that the great strength and extensi- 
bility of the caudicles, which, until stretched, lie em- 
bedded within the pollen-masses, serve to protect the 
pollen-masses from being accidentally lost by an insect 
whilst flying about, and yet, by friction being brought 
into play, allow them at tho proper time, to bo left 
adhering to the stigmatic surface ; tho fertilisation of 
tho flower being thus safely effected. 

The discs and pedicels of the pollinia present great 
diversities in shape, and an apparently exhaustless 
number of adaptations. Even in species of the same 
gonus^ as in Oncidium, these parts differ greatly. I 
here give a few figure^ (fig. 24), taken almost at hazard. 
The pedicel generally consists, as far as I have seen^ 
of a thin jibbon-shaped membrane (fig. A) ; sonltetimes 
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it is almost cylindrical (fig. C) but often of the most 
diversified shapes. The podicel is generally nearly 
straight, but in Miltonia clowmi it is naturally curved ; 
and in some cases, as we shall immediately see, it 
assumes, after removal, various shapes. The extensible 
and elastic caudicles, by which the pollen-masses are 
attached to the pedicel, are barely or not at all visible, 
being embedded in a cleft or hollow within each 
pollen-mass. The* disc, which is viscid on the under 
side, consists of a piece of thin or thick membrane of 


Fig* 24. 




Pol lint a of Van mac. 


d. viscid disc. 
ped. pedicel. 
p. pollen-masses. 

The caudicles, being embedded within 
the pollen-masses, are not shown. 
A. Pollinium of Oncidvnn rjranda 
after partial depression. ‘ j 


15. Pollinium of Jlrassia maculata 
(copied from Bauer). 

C. Pollinium of Stanliupea saccata 

after depression. 

D. Pollinium of Sarcanthus tereti - 

folius after depression. 


varied forms. In Acropera it is like a pointed cap ; 
in some cases it is tongue-shaped, or heart-shaped 
(fig. C), or saddle-shaped, as in some Maxillarias, or 
like a thick cushion (fig. A), as in many species of 
Oncidium, with the pedicel attached at one end, instead 
of, as is mpre usual, nearly to the centre. In An$reecum 
'distichum and sesquipedale the rostellum is notched, 
and two separate, thin, membranous discs can be 
removed, each carrying by a sftort pedicel a pollen; 
'mass.' In Sarcanthvs teretifolim the disc (fig. D) is 
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very oddly shaped; and as the stigmatic chamber 
is deep and likewise curiodsly shaped, we arc led to 
believe that the disc is fastened with great precision 
to the square projecting head of some insect.* 

In most cases there is a plain relation between the 
length of the pedicel and the depth of the stigmatic 
chamber, into which the pollen-masses have to be 
inserted. In some few cases, however, in which a long 
pedicel and a shallow stigma co-exist^ we shall presently 
meet with curious compensating actions. After the 
disc and pedicel have been removed, the shape of the 
remaining part of the rostellum is of course altered, 
being now slightly shorter and thinner, and sometimes 
notched. In Stanliopea, the entire circumference of 
the extremity of the rostellum is removed, and a thin, 
pointed, needle-like process alone is left, which origin- 
ally ran up the centre of the disc. 

If we now turn to the diagram (fig. 23, p. 150), and 
suppose the rectangularly bent rostellum to be thinner 
and the stigma to lie closer beneath it than is there 
represented, we shall see that, if an insect with a polli- 
nium attached to its head were to fly to another flower 
and occupy exactly the same position which it held 
whilst 'the attachment was effected, the pollen-masses 
would be in the right position for striking the stigma, 
especially if, from their weight, they were to become 
in the least degree depressed. This is all that takes 
place in Lycaste skinner ii, CymUdium giyariteum , 
Zygopetalum vnackai , Anyrwcum ebumeum, Miltonia 
clowesii , in a Warrea, and, I believe, in Galeandra 
funkii. # But if in our diagram we suppose, for instance, 

• 

• I may here remafk that Del- tlium, Epidendrum, Phaius, and 
pino (* Feoondazione nelle Pitfnte/ Demlrobium, and is able to con- 
Firenze, 1867, p. 19) says he lias Ann in general my statements, 
examined floyers of Vanda, Onoi- 
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the stigma to be seated at the bottom of a deep cavity, 
low down in the column, or the anther to be seated 
higher up, or the pedicel of the rostellum to slope 
more upwards, &c. — all of which contingencies occur 
in various species, — in such cases, an insect with a 
poUinium attached to its head, if it flew to another 
flower, would not place the pollen-masses on the 
stigma, unless their position had become greatly 
changed after attachment. 

This change is effected in many Vandetc in the same 
manner as is so general with the Ophrese, namely, by a 
movement of depression in the pollinium in the course 
of about half a minute after its removal from the 
rostellum. 1 have seen this movement conspicuously 
displayed, generally causing the pollinium to rotate 
through about a quarter of a circle, in several species 
of Oncidium, Odontoglossum, Iirassia, Vanda, Aeridcs, 
Sarcanthus, Saccolabium, Acropera, and Maxillaria. 
In Rodriyuezia suaveolens the movement of depression 
is remarkable from its extreme slowness ; in Eulophia 
viridis from its small extent. Mr. Charles Wright, in 
a letter to Professor Asa Gray, says that he observed 
in Cuba a pollinium of an Oncidium attached to a 
humble-bee, and he concluded at first that I was 
completely mistaken about the movement of depres- 
sion ; but after several hours it moved into the proper 
position for fertilising the flower. In some of the 
cases above specified in which the pollinia apparently 
undergo n6 movement of depression, I am not sure that 
there was not a very slight one after a time. ‘ In the 
various Qphrece the anther-coils are sometimeo seated 
exteriorly and sometimes interiorly with respect to 
the stigma ; and there are corresponding outward and 
inward movements in the pollinia : but in the Vandeae 
the hnther-cells always lie, as far as I have seen, 
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directly over the stigma, and the movement of the 
pollinium is always directly downwards. In Calanthe, 
however, the two stigmas are placed exteriorly to the 
anther-cells, and the polliriia, as we shall sec, are made 
to strike them by a peculiar mechanical arrangement 
of the parts. 

In the Oplireae the seat of contraction, which causes 
tktf act of depression, is in the upper surface of the 
viscid disc, close to the point of .attachment of the 
caudicles : in most of the Vandem the seat is likewise 
in the upper surface of the disc, but at the point 
where the pedicel is united to it, and therefore at a 
considerable distance from the point of attachment of 
the true caudicles. The contraction is liygrometric, but 
to this subject I shall return in the ninth chapter ; 
therefore the movement does not take place until the 
pollinium lias been removed from the rostellum, and 
the point of union between the disc and pedicel has 
been exposed for a few seconds or minutes to the air. 
If, after the contraction and consequent movement of 
the pedicel, the whole body be placed into water, the 
pedicel slowly moves back and resumes its former 
position with respect to the viscid disc. When taken 
out of water, it again undergoes the movement of de- 
pression. It is of importance to notice these facts, as 
we thus get a test by which this movement can be 
distinguished from certain other movements. 

In Maxillaria ormthorhyncha , we have a unique ct$e. 
The pedicel of the, rostellum is much elongated, and 
is entirely covered by the produced front lip of the 
anther and is thus kept damp. When removed it 
bends quickly backwards on itself, at about its centrhi 
point/ and thug becomes only half as long as it was 
before. When placet! in water it resumes its original 
straight jbrm. If the pedicel had not been in some 
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manner shortened, it is hardly possible that the flower 
could have been fertilised. After this movement, the 
pollinium attached to any small object can be inserted 
into the flower, and the balls of pollen readily adhere 
to the stigmatic surface. Here we have an instance 
of one of those compensating actions in the pollinia, 
before alluded to, in relation to the shallowness of 
the stigma. 

In some cases,- besides hygrometric movements, 
elasticity comes into play. In Aerides odorata and 
virens, and in an Onchlium (roseum ?), the pedicel of 
the rostellum is fastened down in a straight line, at 
oflie extremity by the disc, and at the other by the 
anther ; it has, however, a strong elastic tendency to 
spring up at right angles to the disc. Consequently, 
if the pollinium, attached by its viscid disc to some 
object, is removed from the anther, the pedicel instantly 
springs up and stands at nearly right angles to its 
former position, with the pollen-masses carried aloft. 
This has been noticed by other observers ; and I agree 
with them that the object gained is to free the pollen- 
masses from the anther-cells. After this upward elastic 
spring, the downward hygrometric movement imme- 
diately commences, which, oddly enough, carries the 
pedicel back again into almost exactly the same 
position, relatively to the disc, which it held whilst, 
forming part of the rostellum. In Aerides the end of 
the pedicel, to which the pollen-masses are attached 
by short dangling caudidcs, after springing up, remains 
a little. curved upwards; and this curvature seems 
well adapted to drop the pollen-masses into the deep 
stigmatic cavity over the ledge in front. The differ- 
ence between the first elastic and the second or re- 
versed hygrometric movement, was well shown by 
placing the pollinium of the above Oneidium into 
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water, after both movements had taken place; and 
the pedicel then moved into the same position which 
it had at first assumed through its elasticity ; this 
movement not being in any way affected by tho 
water. \Vhen taken out of water the hygrometric 
movement of depression soon commenced for the 
second time. 

Jn Rodrignczia secunda there was no hygrometric 
movement of depression in the pedicel as in the before- 
mentioned R. suaveolens, but there was a rapid down- 
ward movement, due to elasticity, and of this I have 
seen no other instance ; for when the pedicel was put 
into water it showed no tendency to recover its original 
position, as occurred in many other cases. 

In Thahvnopds grandiflora and amabilis the stigma 
is shallow and the pedicel of the rostellum long. 
Some compensating action is therefore requisite, which, 
differently from that in Maxillaria ormthorhyncha is 
effected by elasticity. There is no movement of de- 
pression ; but, when the polliniuni is removed, the 
straight pedicel suddenly curls up in the middle, thus 
( — ) : the full-stop on the left hand may re- 
present the balls of pollen, and the thick hyphen to 
the right may be supposed to represent the triangu- 
larly shaped disc. The pecficel does not straighten 
itself when placed in water. The end carrying the 
balls of pollen is a little raised up after this elastic 
movement, and the pedicel, with one end raised, aijd 
with the middle part upwardly bowed, is \yell adapted 
to drop the pollen-masses into the deep stigmatic 
cavity, # over a ledge in front. Fritz Muller informs 
me of a case in which the shortening of a very long, 
pedicel* is effected partly by elasticity and partly by a 
hygrometric movement. A small Ornithocepluilus, 
growing in South Brazil, has a very long pedicel. 
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which is shown closely attached to the rostellum in 
the accompanying figure A. 


Fig. 25. 



PolLinium op Ornitiiockimi ALL'S. (From a sketch by Fritz Miiller.) 

A. Pollinium still attached to the it first assumes from the elas- 

rostellum with the pollen- , ticity of the pedicel, 

mass still lying in the cli- C. Pollinium in the position ul- 
( nandrum on the summit of timately assumed from the 

the column. I hygrometric movement. 

B. Pollinium in the position which ■ 

The pedicel when freed suddenly bends iijto the 
rfOrm represented at B, and soon afterwards owing to 
the hygrometric contraction curls up into the odd 
figure shown at C. When placed in water it resumes 
'the form represented at B. 
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In Calanthe manuca and the hybrid C. dojjfiinii the 
structure is very different tb what it is in most other 
Valid ea>. We here have two oval, pit-like stigmas 
on oach side of the rostellum (fig. 20). The viscid 
disc is oval (fig. B), and has no pedicel, but eight 
masses of pollen are attached to it by very short and 


Fig. 26. 



Calanthe masuca. 


p. pollen-masses. 

8 8. tkn two stigmas. 
in. mouth of nectary. 

. labellum. 
d. viscid disc. 

cl. in fig. C, dinandrnm the pol- 
len-masses being removed. 

A. Flower viewed from above, with 
the anther -case removed, 
showing the eight pollen- 
masses in their proper position 
within the clinandrum. All 
the sepals ami petals have been 
cut away except the label 1 urn. 


B. Pollen-masses attached to the 

viscid disc, seen from the 
under side. 

C. Flower in same position as in A. 

but with the disc and pollen- 
masses removed, and now 
showing the deeply notched 
rostellunmnd the empty din- 
andrum in which the jjpllen 
masses lay. Within the left- 
hand stigma two pollen- 
masses may be seen adhering 
to its viscid surface. 


easily ruptured caudicles. These pollen-masses radiate 
from the disc like the leaves of a fan. The rostellum 
is broac^ and its sides slope on each side towards the 
lateral pit-like stigmas. When the disc is removed 
the rosfellum is t seen (fig. C) to be deeply notched 
in the middle. The l&bellum is united to the column 
almost up to its summit, leaving a passage (?t, A) ta 
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the long, nectary close beneath the rostellum. The 
labellnm is studded with ‘singular, wartlike, globular 
excrescences. 

If a thick needle be inserted into the moiith of the 
nectary (fig. A), and then withdrawn, the viscid disc 
is removed, bearing with it the elegant fan of radiating 
pollen-masses. These undergo no change in position. 
But if the needle be now inserted into the nectary of 
another flower, the ends of the pollen-masses neces- 
sarily hit the upper and laterally sloping sides of the 
rostellum, and, glancing off both ways, strike down 
into the two lateral pit-like stigmas. The thin cau- 
‘dicles being easily ruptured, the pollen-masses are left 
adhering like little darts to the viscid surface of both 
stigmas (see left-hand stigma in fig. C), and the fertili- 
sation of the flower is completed in a simple manner 
pleasing to behold. 

I should have stated that a narrow transverse rim of 
stigmatic tissue, beneath the rostellum, connects the 
two lateral stigmas ; and it is probable that some of 
the middle pollen-masses may be inserted through the 
notch in the rostellnm, so as to adhere to this rim. 
I am the more inclined to this opinion from having 
foiyid in the elegant Calanthe vestita the rostellum 
extending so widely over the two lateral stigmas, that 
apparently all the pollen-masses must be inserted 
beneath its surface. 

< The Angrtecuni mquipedale, of which the large six- 
rayed flowers, like stars formed of snow-white wax; 
have excited the admiration of travellers in Madagascar, 
must, not be passed over. A green, whip-like nectary 
"of astonishing length hangs down beneath the label- 
lum. In several flowers sent me by Mr. Bateman I 
found the nectaries eleven and a half inches long, with 
only' the lower inch and a half filled yvith nectar. 
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What can be the use, it may be asked, of a nectary of 
such disproportionate length ? We shall, I think, see 
that the fertilisation of the plant depends on this 
length, aftid on nectar being contained only within the 
lower and attenuated extremity. It is, however, sur- 
prising that any insect should be able to reach the 
nectar. Our English sphinxes have proboscides as long 
as* their bodies; but in Madagascar there must be 
moths with proboscides capable of extension to a length 
of between ten and eleven inches 4 This belief of 
mine has been ridiculed by some entomologists, but we 
now know from Fritz Muller * that there is a sphinx- 
moth in South Brazil which has a proboscis of nearly 
sufficient length, for when dried it was between ten 
and eleven inches long. When not protruded it is 
coiled up into a spiral of at least twenty windings. 

The rostellum is broad and foliaceous, and arches 
rectangularly over the stigma and over the orifice of 
the nectary : it is deeply notched by a cleft enlarged 
or widened at the inner end. Hence the rostellum 
nearly resembles that of Calanthe after the disc has 
been removed (see fig. 26, 0). The under surfaces of 
both margins of the cleft, near their ends, are bordered 
by narrow strips of viscid membrane, easily removed ; 
so that there arc two distinct viscid discs. A short 
membranous pedicel is attached to the middle of the 
upper surface of each disc ; and the pedicel carries a 
pollen-mass at its other end. Beneath the rostellufti 
a narrow, ledge-like, adhesive stigma is sealed. 

I could not for some time understand Bow the 
pollinh! of this Orchid were removed, or how thtf 
stigma, was fertilised. I passed bristles and needles 


* See letter with a drawing by Hermann Muller, • Nature^ 1873, 
p. 223. 
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down the open entrance into the nectary and through 
the cleft in the rostcllum with no result. It then 
occurred to me that, from the length of the nectary, 
the flower must be visited by large motbrc, with a 
proboscis thick at the base ; and that to drain the last 
drop of nectar, even the largest moth would have to 
force its proboscis as far down as possible. Whether 
or not the moth first inserted its proboscis by tlio open 
entrance into the Sectary, as is most probable from the 
shape of the flower, or through the cleft in the ros- 
tellum, it would ultimately be forced in order to drain 
the nectary to push its proboscis through the cleft, 
for this is the straightest course ; and by slight pressure 
the whole foliaceous rostcllum is depressed. The dis- 
tance from the outside of the flower to the extremity of 
the nectary can be thus shortened by about a quarter 
of an inch. I therefore took a cylindrical rod one- 
tenth of an inch in diameter, and pushed it down 
through the cleft in the rostcllum. The margins 
readily separated, and were pushed downwards together 
with the whole rostcllum. When 1 slowly withdrew the 
cylinder the rostellum rose from its elasticity , and 
the margins of the cleft were upturned so as tp clasp 
the cylinder. Thus the viscid strips of membrane on 
each under side of the cleft rostellum came into contact 
with the cylinder, and firmly adhered to it ; and the 
pollen-masses were withdrawn. By this means I suc- 
ceeded every time in withdrawing the pollinia ; and 
it cannot, I* think, be doubted that a large moth would 
thus atft ; that is, it would drive its proboscis up to 
tjie vesy base through the cleft of the rostelluto, so as 
to reach the extremity of the nectary ; and tljen the 
pollinia attached to the base of jts proboscis would be 
safely withdrawn. 

I did not succeed in leaving the pollenc masses on 
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the stigma so well as I did in withdrawing them. As 
the margins of the cleft rflstcllum must be upturned 
before the discs adhere to a cylindrical body, during 
its withdrawal, the pollen-masses become affixed some 
little way from its base. The two discs did not always 
adhere at exactly opposite points. Now, when a moth 
with the pollinia adhering to the base of its proboscis, 
inserts it fora second time into the nectary, and exerts 
all its force so as to push down the* rostellum as far as 
possible, the pollen-masses will generally rest on and 
adhere to the narrow, ledge-like stigma which projects 
beneath the rostellum. Hy acting in this manner with 
the pollinia attached to a cylindrical object, the pollcA- 
m asses were twice torn off and left glued to the stig- 
niatic surface. 

If the Angrmcum in its native forests secretes more 
nectar than did the vigorous plants sent me by Mr. 
liateman, so that the nectary ever becomes filled, small 
moths might obtain their share, but they would not 
benefit the* plant. The pollinia would not be with- 
drawn until some huge moth, with a wonderfully long 
proboscis, tried to drain the last drop.* If such great 
moths, were to become extinct in Madagascar, assur- 
edly the Augriccum would become extinct. Oi\ the 
other hand, as the nectar, at least in the lower part 
of the nectary, is stored safe from the depredation of 
other insects, the extinction of the Angrmcum would 
probably be a serious loss to these moths. We can 
thus understand how the astonishing leAgth of the 

* Mr. Kelt suggests (‘ The Xa- ment can thus be accounted for. 
turalist in Nicaragua,' 1874, p. I have no doubt of the "truth ,pf 
183) that tlie great length of tlio this principle, but it is hardly* 
nectary W this plant serves to applicable here, os the moth has 
prevent other mntlre which are to be compelled to drivo its pro- 
not well-adapted for the fertilisa- boscis as deeply down as possible 
lion of the dowers from sucking into the dower, 
the nectar, dnd that its develop- 
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nectary had been acquired by successive modifications. 
As certain moths of Madagascar became lurger through 
natural selection in relation to their general conditions 
of life, either in the larval or mature state, »>r as the 
proboscis alone ivas lengthened to obtain honey from 
the Angrwcmn and other deep tubular flowers, those 
individual plants of the Angra-cum which had the 
longest nectaries (and the nectary varies much -in 
length in some Orchitis), and which, consequently, 
compelled the moths to insert their proboscides up to 
the very base, would be best fertilised. These plants 
would yield most seed, and the seedlings would 
generally inherit long nectaries; and so it would be 
in successive generations of the plant and of the moth. 
Thus it would appear that there hits been a race in 
gaining length between the nectary of the Angnccum 
and the proboscis of certain moths ; but the Angnccum 
has triumphed, for it flourishes and abounds in the 
forests of Madagascar, and still troubles each moth 
to insert its proboscis as deeply as possible in order to 
drain the last drop of nectar. 

I could add descriptions of many other curious 
structures in the Yandem, more especially from the 
letters of Fritz Muller with respect to those of Brazil ; 
but the reader would bo wearied. I must, however, 
make a few remarks on certain genera, the fertilisation 
of which remains a mystery, chiefly on account of the 
narrowness'of the mouth of the stigma, as this renders 
the insertion of the pollen-masses extremely difficult. 
Two closely allied specie^ or varieties of Aeropora, viz., 
A. luteola and loddigetsii have been observed by me 
during several seasons, and every detail of their struc- 
ture seems as if specially adapted to render their 
fertilisation almost impossible. 1 have met with hardly 
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any other such case, not that I fully understand the 
contrivances in any Orchid, for new and admirable 
ones become apparent, the longer I study even one of 
our commonest British species. 

The thin and elongated rostellum of Acropera projects 
at right angles to the column (see diagram, fig. 23, p. 
150); and the pedicel of the pollinium is of course 
equally long and much thinner. The disc consists of 
an extremely small cap, viscid within, which fits on 
the extremity of the rostellum. The viscid matter 
sets hard but slowly. The upper sepal forms a hood 
enclosing and protecting the column. The labellum 
is an extraordinary organ, baffling all description: *it 
is articulated to the column by a thin strap, so elastic 
and flexible that a breath of wind sets it vibrating. 
It hangs downwards; and the retention of this posi- 
tion seems to be of importance, for the footstalk (ova- 
rium) of each flower is curved into a semicircle, so 
as to compensate for the pendulous habit of the plant. 
The two upper petals and the lateral lobes of the 
labellum serve as guides leading into the hood-like 
upper sepal. 

The pollinium, when adhering by its disc to an 
object, undergoes the common movement of depression ; 
and this seems superfluous, for the stigmatic cavity lies 
(see diagram, fig. 23) high up at the base of the rect- 
angularly projecting rostellum. But this is a com- 
paratively trifling difficulty ; the real difficulty lies«in 
the orifice of the stigmatic chamber being so narrow 
that the pollen-masses, though consisting of thin sheets, 
can hardly be forced in. 1^ repeatedly tried, and suc- 
ceeded only three or four times. Even after leaving 
them to dry for four hours before a fire, and thus to 
shrink a little, I rarely succeeded in forcing them 
into the §tigma. I examined quite young flowers and 
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almost withered ones, for I imagined that the month 
of the chamber might be of larger size at some period 
of growth; but the difficulty of inse^fon remained 
the same. Now when we observe that the \tiscid cli.se 
is extraordinarily small, and consequently its power of 
attachment not so firm as with Orchids having a large 
disc, and that the pedicel is very long and thin, it 
would seem almost indispensable that the stigm«Cfcie 
chamber should be unusually large for the easy 
insertion of the pollinium, instead of being much con- 
tracted. Moreover, the stigmatic surface, as Dr. Hooker 
has likewise observed, is singularly little adhesive ! 

• The flowers when ready for fertilisation do not 
secrete nectar;* but this is no difficulty, for as Dr. 
Criiger has seen humble-bees gnawing the projections 
on the labellum of the closely allied G angora maculata, 
there can be little doubt that the distal cup-shaped 
part of the labellum of Acropera offers a similar at- 
traction to insects. After numberless trials in many 
ways, I have found that the pollinia can be removed 
with certainty only by pushing the rostellum a little 
upwards with a camel-hair brush, held in such a 
position that the tip slides along the under side i of the 
rostejlum, so as to brush Qff the little viscid cap on its 
extremity, into which the hairs enter and are glued 
fast. I further find that if the brush with a pollinium 
thus attached to its tip is pushed into and then with- 
dviwn from the stigmatic cavity, the mouth of which 
is furnished svith a sharp ridge, the end of the pedicel 


% Mr. fecott lias observed that* 
nfter the flowers of Acropera and 
of two species in the allied genus 
of (longora have been fertilised, 
{in abundance of nectar exudes 
from thc*front of the column ; but 


at no other time oould lie find a 
trace of nectar. Tliis exudation 
can, thereforepbe of no use to the 
plant Vith respect to its fertili- 
sation, and must be viewed as an 
excretion. 
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which hears the viscid cap is often left sticking within 
the chamber, with the Jpollen-masses close outside. 
Many flowq|| were thus treated, and three of them 
product*! fine capsules. Mr. Scott also succeeded in 
fertilising two flowers in the same apparently unnatural 
manner, as he likewise did on one occasion by placing 
a pollen-mass, moistened with the viscid matter from a 
distinct kind of Orchis, at the mouth of the stigmatic 
chamber. These facts lead me .to suspect that an 
insect with the extremity of its abdomen produced 
into a sharp point alights on the flower, and then turns 
round to gnaw the distal portion of the labellum. In 
doing so it removes the pollinium, the viscid cap* of 
which adheres to the extremity of its abdomen. The 
insect then visits another flower, by which time the 
movement of depression will have caused the pedicel 
to lie flat on its back ; and from occupying the same 
position as before, the insect will be apt to insert the 
end of its abdomen into the stigmatic chamber, and 
the viscid cap will then be scraped oil* by the ledge in 
front, and the pollen-masses will be left close outside, 
as in the above experiments. The whole operation 
would probably be aided by the oscillatory movement 
of the labellum whilst gnawed by an insect. % This 
whole view is very improbable, but it is the only one, 
as far as 1 can see, which explains the fertilisation of 
the flower. 

The allied genera Gongora, Aeineta, and Stanhopea 
present nearly the same difficulty from the narrowness 
of the entrance into the stigmatic chamber. Mr. 
Scott#tried repeatedly but in vaiii to force th§ pollen- 
masses into the stigma of Gongora atro-purpurea aiftl, 
truncata ; butiie readily fertilised them by cutting oflF 
the clinandrum and placing pollen-masses on the now 
exposed 9 stigma ; as he likewise did in the ’case of 
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Acropera. Dr. Criiger says* that Gongora mamlata 
“often bears fruit in Trinidad. It is visited, exclu- 
sively during the day, as far as I can see, by a splendid 
bee, probably a Euglossa, but with the tonguv nearly 
twice as long as the body. The tonguo passes out 
behind the abdomen, and is there curved upwards. 
As these bees only come for biting and gnawing the 
anterior side of the labellum, the protruding tongue 
touches or approaches the gland (i. e., viscid disc) at 
every retrograde movement of the insect. By this it 
can hardly fail to be loaded sooner or later with the 
pollen-masses, which are then easily inserted into the 
stigmatic cleft. I have, however, not as yet. observed 
this fact.” I am surprised that Dr. Criiger should 
speak of the pollen-masses being easily inserted, and I 
suppose that he must have experimenlf ’ with dried 
and shrunken ones. The doubled-up, immensely elon- 
gated proboscis, projecting beyond the abdomen, would 
answer as well as a pointed extremity to th ibdomen, 
which in the case of Acropera 1 imagine is io instru- 
ment for removing the pollen-masses ; but I presume 
that with Gongora it is not the viscid disc, but the 
broad and free ends of the pollen-masses which are in- 
serted into the stigmatic V cavity. As in the case of 
Acropera, J found it scarcely possible to insert the 
pollen-masses of Gongora into the stigma; but some 
which were removed from the anther and left exposed 
to the sun for nearly flv.e hours, became much shrunk 
and formed thin sheets ; and these could be inserted 
without much difficulty into the cleft-like entrance 
of the stigma. The pollinia attached to an insect 
flying about in the torrid zone would shrink after a 
time; and the delay thus caused would ensure the 


4 Journ. Linn. Soc. Bot.* vol. viii. 1804, p. 131* 
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flowers being fertilised with pollen from a distinct 
plant. 

With respect to Stanhopea, Dr. Criiger says * that 
in the West Indies a bee (Euglossa) often visits the 
flowers for the sake of gnawing the labellum, and hc3 
caught one with a pollinium attached to its back ; but 
he adds that he cannot understand how the pollen- 
masses are inserted into the narrow mouth of the stigma. 
With Stanhopea oculata 1 found that the pollinia could 
almost always bo attached to my naked or gloved 
finger, by gently sliding it down the concave surface 
of the arched column ; but this occurred only within a 
short time after the expansion of the flowers, whilst 
they are highly odoriferous. By again sliding my 
finger down the column, the pollinia were almost 
ahvays rubbed off by the sharp edge of the stigmatic 
chamber, and were left adhering close to its entrance. 
Flowers "has treated occasionally, though rarely, 
yielded capsules. The removal of the pollinia from 
my finger seemed to depend on the existence of a 
point projecting beyond the viscid disc, and which I 
suspect is specially adapted for this purpose, if this 
be sq, the pollen-masses must «mit their tubes without 
being inserted into the stigmatic chamber. J may 
add that the pollen-masses shrink very little by being 
thoroughly dried, and could not -in this state be easily 
inserted. 

The entrance into the stigma is in like manner, 
as I hear from Fritz Muller,! so much 'contracted in 
Cirrhfea and Notylia, which belong to another sub- 
division of the Yandeje, that the pollinia can be inserted 

* ‘ Journ. Lintf. Soc. pot.* vol. translation of the first edition oi 
viii. 1804, p. 130. Broun lias this work, 
described tlio structure of Stan - t ‘ Dot. Zeitung/ 1 868, p. 630. 

hoped dcvtiiieims, in his German 
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into it only with extreme difficulty. In the case of 
Cirrhma, he found that this could be effected more 
easily, after they had shrunk a little from being left 
to dry for half an hour or an hour. lie obseiVed two 
flowers with pollen-masses naturally inserted by some 
means into their stigmas. On several occasions after 
forcing the end of a pollen-mass into the mouth of the 
stigma, he witnessed a most curious process of deglu- 
tition. The extremity of the pol leu-mass swells from 
imbibing moisture, and as the chamber gradually 
widens downwards, the swelling part is forced down- 
wards; so that the whole is at last drawn inwards and 
disappears. In the case of Xotylia, Fritz Muller ob- 
served that the entrance into the stigma became a 
little larger after the flower had remained expanded 
for about a week. In whatever manner this latter 
plant is fertilised, it is certain that it must be im- 
pregnated with pollen from a distinct plant; as it 
oflers one of those extraordinary cases in which its own 
pollen acts like poison on the stigma. 

In the last edition of this work it was shown that 
the ovaria of mature flowers of Aeropora do not con- 
tain any ovules. But 1 erred greatly in the interpre- 
tatiomof this fact, for I concluded that the sexes were 
separate. I was however soon convinced of my error 
by Mr. Scott, who succeeded in artificially fertilising 
the flow-ers with their own pollen. A remarkable dis- 
covery by Hildebrand, * namely, that in many Orchids 
the ovules are not developed unless the stigma is 
penetrated by the pollen-tubes, and that their develop- 
ment occurs only after an interval of several $eeks 
jor even months, explains the state of the ovarium 
in Acropera, as observed by me. According also to 

*‘i5ot. Zeitung,* 1863, Oct. 30, et wq., und Aug. 4, r’65. 
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Fritz Muller, * the ovules of many endemic Epidendrem 
and Vandciu in Brazil remhin in a very imperfect state 
of devolopmeiit for some months, and even in one case 
for haliia year, after the flowers had been fertilised. 
He suggests that a plant which produces hundreds of 
thousands of ovules, would waste much power if these 
were formed and did not happen to be fertilised, and 
w*e know that fertilisation is a doubtful and difficult 
operation with many Orchids. It. would therefore be 
an advantage to such plants, if the ovules were not at 
all developed until their fertilisation was assured by 

the pollen-tubes having already penetrated the stigma. 

» 

Conjanthes . — I will conclude this "chapter by giving 
an account of the fertilisation of the flowers of Cory- 
anthes, which is effected in a manner that might perhaps 
have been inferred from their structure, but would’ have 
appeared utterly incredible had it not been repeatedly 
witnessed by a careful observer, namely, the late I)r. 
Criiger, Director of the Botanical Gardens at Trinidad. 
The flowers are very large and hang dowmvards. The 
distal portion of the labellum (L) in the following wood- 
cut, fig. 27, is converted into a large bucket (B). Two 
appendages (II), arising froip the narrowed base o/ the 
labellum, stand directly over the bucket and secrete so 
much fluid that drops may be .seen falling into it. 
This fluid is limpid and so slightly sweet that it does 
not deserve to be called nectar, though evidently of the 
same nature ; nor does it serve to attract 3 insects. M. 
Meniere estimates that the total quantity secreted by 
a single flower is about an English ounce, t , When 
the bucket is full the fluid overflows by the spout (£/. 


Rot. Zeitung,' 1868, p. 164. 

‘ Bu’.lbtin do la Soc. But. de France,' tom. ii. 1855, p. 851. 
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This spout is closely "over-archod by tho end of the 
column, which bears the stigma and pollen-masses in 
such a position, that an insect forcing its way out of 
the bucket through this passage would first brush with 
its back against the stigma and afterwards against the 
viscid discs of the pollinia, and thus removo them. 
We are now prepared to hear what Dr. Criiger says 
about the fertilisation of an allied species, the C. 
macrantha, the labellum of which is provided with 
crests.* I may premise that he sent me specimens of 
the bees which he saw gnawing these crests, and they 
belong, as I am informed by Mr. F. Smith, to the genus 
Euglossa. Dr. Criiger states that these bees may bo 
“ seen in great numbers disputing with each other for 
a place on the edge of the hypochil (i. e. the basal part 
of the labellum). Partly by this contest, partly perhaps 
intoxicated by the matter they are indulging in* they 
tumble down into the * bucket/ half-full of a fluid 
secreted by organs situated at the base of the column. 
They then crawl along in the water towards the 
anterior side of the bucket, where there is a passage 
for them between the opening of this and the column. 
If one is early on the look-out, as these HymenopteTse 
are early risers, one can .see in every flower how 
fecundation is performed. Tho humble-beo, in forcing 
its way out of its involuntary bath, has to exert itself 
considerably, as the mouth of the epichil (i. e. the 
distal part of the labellum) and the face of the column 
• fit together exactly, and are very stiff and* clastic. The 
first bee, then, which is immersed will have tho gland 


‘ Journal of Linn. Boo. Bot.* 
vol. viit. 1864, p. 130. There is 
a drawing of tkiB species in Pax- 
ton’s * Mag. of Botany,’ vt>l. v. p. 
31, but it is too complicated to be 
reproduced t There is also a 


drawing of C. fcildingii in ‘ Jouf- 
nal of Jlort. Soc.’ vol. iii. p. 16. 
I am indebted to Mr. Thiselton 
Dyer for informing mo of these 
figures. 
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of the pollen-mass glued to its back. The insect then 
generally gets through the? passage, and comes out 
with this peculiar appendage, to return nearly imme- 
diately to its feast, when it is generally precipitated a 
second time into the bucket, passing out through the 
same opening, and so inserting the pollen-masses into 
the stigma while it forces its way out, and thereby im- 
pregnating either the same or some other flower. I 
have often seen this,; and sometimes there are so many 
of these humble-bees assembled that there is a continual 
procession of them through the passage specified.” 

There cannot be the least doubt that the fertilisation 
of*the flower absolutely depends on insects crawling 
out through the passage formed by the extremity of 
the labellum and the over-arching column. If the 
large distal portion of the labellum or bucket had been 
dry, the bees could easily have escaped by flying away. 
Therefore we must believe that the fluid is secreted by 
the appendages in such extraordinary quantity and .is 
collected in the bucket, not as a palatable attraction 
for the bees, as these are known to gnaw the labellum, 
but for the sake of wetting their wings, and thus 
compelling them to crawl out through the passage. 

I have now described, pernaps in too much detail, 
a few of the many contrivances by which the Tandem 
are fertilised. The relative position and shape of the 
parts — friction, viscidity, elastic and hygrometric move- 
ments, all nicely related to one another — come into 
play. But all these appliances are subordinate to the 
aid of insects. Without their aid, not a plant belong- 
ing to this tribe, in the species of the twenty-nine 
genera examined by me, would set a seed. It is also 
certain in a majority of the cases, that insects withdraw 
fhe pollinia only when retreating from the flower, and 
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by carrying them away, effect a union between two 
flowers, generally on distinct plants. This can hardly 
fail to occur in all the many cases in which the pollinia 
slowly qjiange their position, when removed from the 
rostellum, in order to assume a proper direction for 
striking the stigma ; for the insects during this in- 
terval will have had time to fly from the flowers on 
ojLe plant which will serve as the male, to those 
on another plant which will serve as the female. 
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CHAPTER VII. 
vandej! continued. — catasetid.e. 

CatasetidrtJ, tlio most remarkable of all Orchids — The mechanism hy 
which the pollinia of Catasetum are ejected to a distance and arc 
transported by insects — Sensitiveness of the horns of the rostellum 
— Extraordinary difference in the male, female, and hermaphrodite 
forms of Catasetumtridontatum — Mortuodes ignea, curious structure 
.of the flowers; ejection of the pollinia — Mormndcs luxata — Cyc- 
noches ventricosum, manner of fertilisation. 

I have reserved for separate deseription one sub-family 
of the Yandere, namely, the Catasetidae, which must, I 
think, be considered as the most remarkable of all 
Orchids. 

I will l>egin with Catasetum. A brief inspection of 
the flower shows that here, as with most other Orchids, 
some mechanical aid is requisite to remove the pollen- 
masses from their cells, and to carry them to the 
stigmatic surface. We shall, moreover, presently sec 
that Catasetum is exclusively a male form; so that 
the pollen-masses must be transported to the female 
plant, in order that seed should be produced. The 
pollinium is furnished with a viscid disc of huge size ; 
but this, instead of being placed in a position likely 
to touch and adhere to an insect visiting the flower, is 
turned inwards and lies close to the upper and back 
surface of a chamber, which must be called tlvj stig- 
aiatic chamber, though functionless as a stigma. There 
is nothing in this chamber to attract injects ; and even 
if they did enter it, the viscid surface of the disc could 
hot possibly come into contact with them. 
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How then does Nature act ? She has endowed these 
plants with, what must be called for want of a better 
term, sensitiveness, and with the remarkable power of 
forcibly Sjecting their pollinia even to a considerable 
distance. Hence, when certain definite points of the 
flower are touched by an insect, the pollinia are shot 
forth like an arrow, not barbed however, but having 
a blunt and excessively adhesive point. The insect, 
disturbed by so sharp a blow, or aft<& having eaten its 
fill, flies sooner or later away to a female plant, and, 
whilst standing in the same position as before, the 
pollen-bearing end of the arrow is inserted into the 
stigmatic cavity, and a mass of pollen is left on its 
viscid surface. Thus, and thus alone, can the five 
species of Catasetum which I have examined be 
fertilised. 

In many Orchidoae, as in Listera, Spiranthes, and 
Orchis, the surface of the rostellum is so far sensitive, 
that, when touched or when exposed to the vapour of 
chloroform, it ruptures in certain defined lines. So it 
is in the tribe of the Catasetidae, but with this re- 
markable difference, that in Catasetum the rostellum is 
prolonged into two curved tapering horns, or, as I shall 
call them, antenme, which stand over the labelknn 
where insects alight. If these are touched even very 
lightly, they convey some stimulus to the membrane 
which surrounds and connects the disc of the pol- 
linium with the adjoining surface,* causing it instantly 
to rupture; and as soon as this happens the disc is 
suddenly set free. We have also seen in "several 
VandeaePthat the pedicels of tlve pollinia are fastened 
flat dowji in a state of tension, and are highly elastic, 
so that, when freed, thgy immediately spring up, appa- 
rently for the sake of detaching the pollenimasses from 
the anthei*cells. In the genus Catasetum, on the 

N.2 
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other hand, the pedicels are fastened down in a curved 
position ; and when freed by the rupture of the attached 
edges of the disc, they straighten themselves with such 
force, that not only do they drag the balls bf pollen 
together with the anther-cells from their places of 
attachment, but the whole pollinium is jerked forward, 
over and beyond the tips of the so-called antemuc, to 
the distance sometimes of two or three feet. Thus, 
as throughout nature, pre-existing structures and capa- 
cities are utilised for new purposes. 

Catasetum saccatum * — I will first describe the male 
forms, belonging to five species, which are included 
under the generic name of Catasetum. The general 
appearance of the present species is represented in the 
following woodcut, fig. 28. A side view of the flower, 
with all the petals and sepals excepting the labellum 
cut off', is shown by B ; and A gives a front view of 
the column. The upper sepal and two upper petals 
surround and protect the column ; the two lower sepals 
project out at right angles. The flower stands more 
or less inclined to either side, but with the labellum 
downwards, as represented in the drawing. The dull 
coppery and orange-spotted tints, — the yawning cavity 
in « the great fringed Jabellum, — the one antenna 
projecting with the other hanging down — give to 
these flowers a strange, lurid, and almost reptilian 
appearance. 

* In front of the column, in the middle, the deep 
stigmatic chamber (fig. 28, A, #), may be seen ; but this 
is best* shown in the section (fig. 29, C,s), in which all 


I am much indebted 1o Mr. 
James Veitch of Chelsea for tlie 
first specimen which I saw of 
this Orchid ; subsequently Mr. 
8. Rucker, so well kn^wn for his 


magnificent collection Af Orchids, 
generously Sent me two fine spikes, 
mid has aided me in the kindest 
maimer with other specimens. 
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tho parts are a little separated from each other, in 
order that tho mechanism may be intelligible. In 
tho middle of tho roof of the stiguiatic chamber, far 
back (ct, in A, fig. 28), the upturned anterior edge of 
the viscid disc can just bo seen. The upper mem- 
branous surface of tho disc, before it is ruptured, is 
continuous with the fringed bases of the two antenme 
between which it lies. The rostellum projects over 
the disc and stigmatie chamber (see section 0, fig. 29), 
and is prolonged on each side so as to form the two 
antenna) ; the middle part is covered by the ribbon- 
like pedicel (pel.) of the polliniuin. The lower end of 
the pedicel is attached to the disc, and the upper end 
to the two pollen-masses Q?) within the anther-cell. 
The pedicel in its natural position is held much 
bowed round the protuberant rostellum ; when freed 
it forcibly straightens itself, and at the same time it: 
lateral edges curl inwards. At an early period o. 
growth, it is continuous with the rostellum, but sub- 
sequently becomes separated from it by the solution 
of a layer of cells. 

The polliniuin when set free and after it lias 
straightened itself, is represented at D, fig. 29. Its 
under surface, which lies in contact with the rostellum, 
is shown at E, with the lateral edges of the pedicel 
now curled inwards. In this latter view, the clefts in 
the under sides of tho two pollen-masses are shown. 
Within these clefts, near their bases, a layer of strtng 
extensible tissue is attached, forming th^caudicles, by 
which the pollen-masses are united to the pedicel. 
The Ibwcr end of the pedicel is joined to the disc bv a* 
flexible hinge, which occurs in no other genus, so that 
the pedicel cqp. play backwards and forwards, as far as 
the upturned end ^fig. D) of the disc permits. The 
disc is lwge and thick ; it consists of a strong upper. 
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Catasktum saccatum. 


... anther. 

an. antenna; of the rostcllum. 
d. disc of poll ini uin. 

/. filament of anther. 

(f. germen or ovarium. 

1. labellum. 

p. pollfn-masses. 

pd. or pad. pedicel of pullinium. 

s. stigwiatic chamber. 

A. Front view of c^umu. 


| B. Side view of flower, with all the 
^cpals and petals reinovedtex- 
cept the labellum. 

0. Diagrammatic section through 
! the column, with all the parts 
a little separated. 

D. Pollinium, upper surface. v 

E. Pollinium, lower surface, whidh 

before removal lies in close 
contact with the rostellum. 
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membrane, to which the pedicel is united, with an 
inferior cushion of great thickness, of pulpy, flocculent, 
and viscid matter. The posterior margin is much the 
most viscid part, and this necessarily first strikes any 
object when the pollinium is ejected. The viscid 
matter soon sets hard. The whole surface of the disc 
is kept damp before ejection, by resting close against 
the roof of the stiginatio chamber ; but in the sectiftn 
(fig. C) it is represented, like the other parts, a little 
separated from the roof. 

The connective membrane of the anther (a in all the 
figures) is produced into a spike, which adheres loosely 
to* the pointed end of the column ; this pointed end 
(/, fig. C) is homologically the filament of the anther. 

The anther has this peculiar shape apparently for 
the sake of leverage, so that it may be easily tom off 
by a pull at its lower end, when the pollinium is 
jerked out by the elasticity of the pedicel. 

The labellum stands at right angles to the column, 
or hangs a little downwards ; its lateral and basal 
lobes are turned under the middle portion, so that an 
insect can stand only in front of the column. In the 
middle of the labellum there is a deep cavity, bordered 
by crests. This cavity does not secrete nectar, but its 
walls are thick and fleshy, with a slightly sweet nutri- 
tious taste ; and it will presently be shown that they 
are gnawed by insects. The extremity of the left- 
hand antenna stands immediately over the cavity, and 
would infalliby be touched by an insect visiting this 
part of the labellum for any purpose. 

,The .antennas are the most singular organs Y>f the 
flower, and occur in no other genus. They form, rigid, 
curved horns, tapering to a point They consist of a 
narrow ribbon of membrane, with the edges curled in- 
wards so as to touph ; each horn therefore it. tubular, 
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with a slit down one side, like an adder’s fang. They 
are composed of numerous, much elongated, generally 
hexagonal cells, pointed at both ends ; and these cells 
(like tlnfse in most of the other tissues of the flower) 
have nuclei with nucleoli, The antenna) are prolonga- 
tions of the sides of the anterior face of the rostelluml 
As the viscid disc is continuous with a little fringe of 
mbmbrane on each side, and as this fringe is continuous 
with the bases of the antenna), these latter organs are 
put into direct connection with the disc. The pedicel 
of the pollinium passes, as already stated, between the 
bases of the two antenna). The antennae are not free 
for their whole length; but their exterior edges are 
firmly united to and blend for a considerable space 
with the margins of the stigmatic chamber. 

In all the flowers which I examined, taken from 
three plants, the two antennae which are alike in 
structure occupied the same relative position. The 
extreme part of the left-hand .antenna bends upwards 
(see B, fig. 28, in which the position is shown plainer 
than in A), aud at the same time a little inwards, so 
that its tip is medial and guards the entrance into 
the cavity of the labellum. The right-hand antenna 
hangs down, with its tip turned a little outwards ;• and 
as we shall immediately see, is almost paralysed, so as 
to be functionless. 

Now for tho action of the parts. When the left- 
hand antenna of this species (or either of the antenflse 
in three of the following species) is touched, the edges 
of the upper membrane of the disc, which 'are con- 
tinuoifely united with the surrounding surface, instantly 
ruptiup, and the disc is set free. The highly elastic 
pedicel then instantly flirts the heavy disc out of the 
stigmatic chamber with such force, tlyit the whol$ 
polliniun? is ejected, bringing aw%y with it the two 
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balls of pollen, and tearing the loosely attached spike- 
like anther from the top of the column. The pollinium 
is always ejected with its viscid disc foremost. I 
imitated the action with a minute strip of whalebone, 
slightly weighted at one end to represent the disc; 
this was then bent half round a cylindrical object, 
the upper end being at the same time gently held by 
the smooth head of a pin, to represent the retardihg 
action of the anther, the lower end was then suddenly 
set free, and the whalebone was pitched forward, like 
the pollinium of the Catasetum, with the weighted 
end foremost. 

‘ That the disc is first jerked out of the stigmatic 
chamber, I ascertained by pressing the middle of the 
pedicel ; and when I touched the antenna the disc 
instantly sprung forth, but, owing to the pressure on 
the pedicel, the pollinium was not dragged out of the 
anther-cell. Besides the spring from the straighten- 
ing of the pedicel, elasticity in a transverse direction 
comes into play : if a quill be split lengthways, and 
the half be forced longitudinally on a too thick pencil, 
immediately the pressure is removed the quill jumps 
off 1 ; and an analogous action takes place with the 
pedicel of the pollinium, owing to the sudden inward 
curling of its edges, when set free. These combined 
forces suffice to eject the pollinium with considerable 
force to the distance of two or three feet. Several 
persons have told me that, when touching the flowers 
of this gentis in their hothouses, the pollinia have 
struck their faces. I touched the antennae of C. cal- 
losum .whilst holding the flower at about a '■yard’s 
distance from a window, and the pollinium lj.it the 
pane of glass, and stuck by its adhesive disc, to the 
smooth vertical surface. 

The following observations on the natuie of the 



OHf. VII. CATASETUM.j 187 

excitement which causes the disc to separate from the 
surrounding parts, include some made on the following 
species. Several flowers were sent me by post and by 
the railAad, and must have been much jarred, but 
they had not exploded. I lot two flowers fall from a 
height of two or three inches on the table, but the 
pollinia were not ejected. I cut off with a crash with 
a «pair of scissors the thick labellum and ovarium 
close beneath the flower ; but this .violence produced 
no effect. Nor did deep pricks in various parts of the 
column, even within the stigmatic chamber. A blow, 
sufficiently hard to knock off the anther, causes the 
ejection of the pollinium, as occurred to me oncte 
by accident. Twice I pressed rather hard on the 
pedicel, and consequently on the underlying ros- 
tellum, without any effect. Whilst pressing on the 
pedicel, I gently removed the anther, and then the 
pollen-bearing end of the pollinium sprang up from 
its elasticity, anti this movement caused the disc to 
separate. M. Meniere,* however, states that the 
anther-case sometimes detaches itself, or can be gently 
detached, without the disc separating ; and that then 
the upper end of the pedicel, bearing the pollen-masses, 
swings downwards in front of. the stigmatic chamber. 

After trials made on fifteen flowers of three species, 
I find that no moderate degree of violence on any 
part of the flower, except on the antennae, produces 
any effect. But when the left-hand antenna of 67. 
saccatum, or either antenna of the thrdfe following 
species, is touched, the pollinium is instantly -ejected. 
The extreme tip and the whole length of the antennae 
are sensitive. In one specimen of C. tridentatvm a* 
touch from a jostle sufficed; in five specimens of 

* Bell, de la Soc. Bot. de France,' tonj. i. 1854, p. 367, 
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0. 8accatmi a gentle touch from a fine needle was 
necessary ; hut in four other specimens a slight blow 
was requisite. In C. tndmtatum a stream of air and 
of cold water from a small pipe did not sulfice ; nor 
in any case did a touch from a human hair ; so that 
the antenna} aro less sensitive than the rostellum of 
Listera. Such extreme sensitiveness would indeed 
have been useless to the plant, for, as is now known 
the flowers are visited by powerful insects. 

That the disc does not separate owing to the simple 
mechanical movement of the antenna; is certain; for 
they adhere firmly for a considerable space to the 
Sides of the stiginatic chamber, and are thus im- 
movably fixed near their bases. If a vibration is 
conveyed along them, it must be of some special 
nature, for ordinary jars of manifold greater strength 
do not excite the act of rupture. The flowers in some 
cases, when they first arrived, were not sensitive, but 
after the cut-off spikes had stood for a day or two in 
water they became sensitive. Whether this was owing 
to fuller maturity or to the absorption of water, I know 
not. Two flowers of C. callosum, which were completely 
torpid, were immersed in tepid water for an hour; 
and then the antennae became highly sensitive ; this 
indicates either that the cellular tissue of the antenna 
must be turgid in order to receive and convoy the 
effects of a touch, or, as is more probable, heat in- 
creases their sensitiveness. Two other flowers placed 
in hot wat6r, but not so hot as to scald my fingers, 
spontaneously ejected their pollinia. A plant of G. 
tridentatum had been kept for some days in tr rather 
cool house, and the antennae were consequently in a 
torpid condition ; a flower was cut of? and placed in 
water at a temperature of 100° F. (37 *7° C.), and no 
effect was immediately produced ; but when it was 
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looked at after an interval of l* 1, 30 m - the pollinium was 
found ejected. Another flower was placed in water at 
90° F. (32‘2° C.), and after 25 m ' the pollinium was found 
ejected * two other flowers left for 20 m ' in water at 
87° F. (305° C.) did not explode, though they were after- 
wards proved to be sensitive to a slight touch. Lastly, 
four flowers were placed in water at 83’ F. (28*3° C.) ; 
two of these did not eject their pollinia in 45"', and 
were then found to be sensitive ; whereas the other two, 
when looked at after l' 1 IS" 1 -, had spontaneously ejected 
their pollinia. These cases show that immersion in 
water raised to a temperature only a little higher than 
that to which the plant had been exposed, causes the 
membrane by which the discs are attached to rupture. 
A thin stream of almost boiling water was allowed to 
fall through a fine pipe on the antenna; of some flowers 
on the above plant ; these were softened and killed 
but the pollinia were not ejected. Nor did sulphuric 
acid, dropped on the tips of the antennae, cause any 
action ; though their upper parts which had not 
been injured by the acid were afterwards found to be 
sensitive to a touch. In these two latter cases, I 
presume that the shock was so sudden and violent 
that the tissue was instajitly killed. Considering 
the above several facts, we may infer that it must 
be some molecular change which is conveyed along 
the antennae, causing the membrane round the discs to 
rupture. In C. tridentatum the .antennae were one inch 
and a tenth in length, and a gentle toucli«from a bristle 
on the extreme tip was conveyed, as far as I could 
perceive, instantaneously throughout this length. I. 
measured several cells in the tissue composing the 
antennae of yiis species, and on a rough average it 
appeared that the stimulus must travel through no less 
than from seventy to eighty cells. 
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We may, at least, safely conclude that the antenna), 
which are characteristic of the genus Catosetum, are 
specially adapted to receive and convey the effects of 
a touch to the disc of the pollinium. This causes the 
membrane to rupture, and the pollinium is then ejected 
by the elasticity of its pedicel. If we required further 
proof, nature affords it in the case of the so-called 
genus Monaelianthus, which, as we shall presently see 
is the female of Catosetum tridentatum , , and it does not 
possess pollinia which can be ejected, and the antenna) 
are here entirely absent. 

I have stated that in C. saccatum the right-hand 
antenna invariably hangs down, with the tip turned 
slightly outwards, and that it is almost paralysed. I 
ground my belief on five trials, in which I violently 
hit, bent, and pricked this antenna, and this produced 
no effect ; but when immediately afterwards the left- 
hand antenna was touched with much less force, the 
pollinium was shot forth. In u sixth case a forcible 
blow on the right-hand antenna did cause the act of 
ejection, so that it is not completely paralysed. As 
this antenna does not guard the labellum, which in all 
Orchids is the part attractive, that is to insects, its 
sensitiveness would be useless. 

Prom the large size of the flower, more especially 
of the viscid disc, and from its wonderful power of 
adhesion, I formerly inferred that the flowers were 
vissted by large insects, and this is now known to be 
the case. The viscid matter sticks so firmly after it 
has set hard, and the pedicel is so strong (though very 
thin and only one-twentieth of an inch in breadth at 
the hinge), that to my surprise a pollinium attached 
to an object supported for a few seconds a weight of 
1262 grains, or nearly three ounce's ; and it supported 
for a considerable tjme a slightly less weight* When 
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the pollinium is shot forth, the large spike-like anther 
is generally carried with it! If the disc strikes a flat 
surface like a table, the momentum from the weight 
of the anther often carries the pollen-bearing end 
beyond the disc, and the pollinium is thus affixed in 
a wrong direction for the fertilisation of another 
flower, supposing it to have been attached to an 
inlet’s body. The flight of the pollinium is often 
rather crooked.* But it must not # be forgotten that 
under nature the ejection is caused by tho antennae 
being touched by a large insect standing on the la- 
bellum, which will thus have its head and thorax 
placed near to the anther. A rounded object thus 
held is always accurately struck in the middle, and 
when removed with the pollinium adhering to it, the 
weight of the anther depresses the hinge of the pol- 
linium; and in this position the anther-case readily 
drops off, leaving the balls of pollen free, in a proper 
position for fertilising the female flower. The utility 


* M. Baillon (• Bull, de la. Soo. 
Bot. de France,’ tom. i. 1854, p. 
285) states tliat Oalmvtnm luridnm 
ejects itfj pollinia always in a 
straight line, and in suck a direc- 
tion that, it sticks fast to the 
bottom of the concavity of the 
labellum; and ho imagines that 
in this position it fertilises the 
flower in a manner not clearly 
explained. In a subsequent paper 
in the same volume (p. 307) M. 
Meniere justly disputes M. Bail- 
Ion’s conclusion. He remarks 
that tho anther-case is easily de- 
tached, and sometimes naturally 
detaches itself; the pollinia then 
swing downwards by the elasticity 
of the pedicel, the viscid disc Btill 
remaining attached # to the* roof 
of the stigmatio chamber. M. 
Meniere hints^that, by the subse- 


quent and progressive retraction 
of tho pedicel, the pollen-masses 
might be carried into the stigmutic 
chamber. • This is not possible in 
the three species which I have 
examined, and would be useless. 
But. M. Meniere himself then goes 
on to show how important insects 
are for the fertilisation of Orchids ; 
and apparently infers that their 
agency comes into play wiljt 
Catasefura, and that this plant 
duos not fertilise itfielf. Both M. 
Baillon and M. Meniere, correctly 
describe the curved position in 
which the elastic pedicel lies 
before it is sot free. Neither of 
these botanists seems to be aware 
tiiat the species of Catasctum 
(at least the five which I have 
examined; are exclusively male 
plants. 
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of so forcible an ejection no doubt is to drive the soft 
and viscid cushion of the disc against the hairy thorax 
of the large hymenopterous insects which frequent the 
flowers. When once attached to ad insect, assuredly 
no force which the insect could exert would remove 
the disc and pedicel ; but the caudicles are ruptured 
without. much difficulty, and thus the balls of pollen 
might readily be left on the adhesive stigma of the 
female flower. . 

Catasetum callosum. — The flowers of this species * are 
smaller than those of the last, but resemble them in 
most respects. The edge of the labellum is covered 
with papillae ; the cavity in the middle is small, and 
behind it there is an elongated anvil-like projection, 
— tacts which I mention from the resemblance in some 
of these points between the labellum of this species 
and that of Myanthus barbatus, the hermaphrodite form 
of Catasetum tridentatum, presently to be described. 
When either antenna is touched, the pollinium is 
ejected with much force. The yellow-coloured pedicel 
is much bowed, and is joined by a hinge to the ex- 
tremely viscid disc. The two antennae stand sym- 
metrically on each side of the anvil-like projection, 
with their tips lying within the small cavity of the 
labellum. The walls of this cavity have a pleasant 
nutritious taste. The antennae are remarkable, from 
their whole surface being roughened with papillae. 
The plant is a male, and the female form is at present 
unknown. 

Catasetum tabular e.— This species belongs to the 
same type as C. saccatmn, but differs greatly from it in 
< appearance. The central portion of the labellum con- 
sists of a narrow, elongated, table-like projection, of 

, * A fine spik$ of flowers of this Ur. Bucker, end was named for 

was kindly sent me by me by Dr. Lindley. 
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an almost white colour and formed of a' thick mass 
of succulent tissue, having a sweetish taste. Towards 
the base of the labellum there is a large cavity, which 
MKtemaUy resembles the nectary of an ordinary flower, 
but apparently never contains nectar. The pointed 
extremity of the left-hand antenna lies within this 
cavity, and would infallibly be touched by an insect 
gnawing the bilobed and basal end of the medial pro- 
jection ofi the labellum. The right-hand antenna is 
turned inwards, with the extreme part bent at right 
angles and pressed against the column; therefore I 
do not doubt that it is paralysed as in C. saceatum ; 
but the flowers examined by me had lost almost adl 
their sensitiveness. 

Catasetum planiceps {?). — This species does not differ 
much from the following one, so I will describe it 
briefly. The green and spotted labellum stands on 
the upper side of the flower; it is jar-shaped, with 
a small orifice. The two elongated and roughened 
antennte lie coiled up some little way apart and 
parallel to one another, within the labellum. They 
are both sensitive to a touch. 

Catasetum tridentatum . — The general appearance 
of this* species, which is very different from tha| of 
C. saceatum, callosum and tabulate, is represented in 
fig. 30, with a sepal on egoh side cut off. 

Tho flower stands with the labellum uppermost, that 
is, in a reversed position compare^ with most Orchids. 
The labellipi is helmet-shaped, its distal portion being 
reduced to three small points. It cannot hold nectar 
from itg position ; but the walls are thick, and have, as 
in the other species, a pleasant nutritious taste. The 
stigmafle chamber, though functionless as a stigma, 
is of large size.* The 'summit of the column, and the 
spike-like ( anther, are not so much elorfgated fig. in - 

o 
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C. 8accatum. In other respects there is no important 
difference. The antennae are of greater length ; their 
tips for about one-twentieth of their length are 
roughened by cells produced into papillae. 

Fig. ;)o. 
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a. anther. A. Side view of flower in its natural 

pd. pedicel of pollimum. , position, with two of the sepals 

an. antenna*. cut off. 

/. label! um. IS. Front view of column, in position 

, reverse of fig. A. 

The pedicel of the pollinium is articulated as before 
by a hinge to the disc ; it can move freely only in one 
direction owing to one end of the disc being upturned, 
and this restricted power of movement apparently 
c?mes into play when the pollinium is carried by an 
insect to the female flower. The disc is, as in the other 
species, .of large size, and the end which when ejected 
first strikes any object, is much more viscid than the 
vest of the surface. This latter surface is drenched 
with a milky fluid, which, when exposed to the air, 
rapidly turns brown, and sets into- a chebsy consistence. 
'The* Upper surface of the disc consists of strong mem- 
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brane formed of polygonal cells, resting on and adhering 
to a thick cushion, formed of irregular rounded balls 
of brown matter, separated from each other and em- 
bedded m a transparent, structureless, highly elastic 
substance. This cushion towards the posterior end of 
the disc graduates into viscid matter, which when 
consolidated is brown, translucent, and homogeneous. 
Altogether the disc of Catasetum presents a much 
more complex structure than in the«other Yandeae. 

I need not further describe the present species, 
except as to the position of the antennas. They oc- 
cupied exactly the same position in all the many 
flowers which were examined. Both lie .curled within 
the helmet-like labellum ; the left-hand one stands 
higher up, with its inwardly bowed extremity in the 
middle ; the right-hand antenna lies lower down and 
crosses the whole base of the labellum, with the tip 
just projecting beyond the left margin of the base of 
the column. Both are sensitive, but apparently the 
one which is coiled within the middle of the labellum 
is the more sensitive of the two. Erom tho position 
of the petals and sepals, an insect visiting the flower 
would gdmost certainly alight on the crest of the la- 
bellum; and it could hardly gnaw any part of 4he 
great cavity without touching one of the two antenna', 
for the left-hand one guards the upper part, and the 
right-hand one the lower part. When either of these 
is touched the pollinium is ejected and the disc will 
strike the head or thorax of the insect. 

The position of the antennae in this Catasetifm may 
be cornered with that of a man with his left arm raised 
and bonj; so that his hand stands in front of his chest, 
and with his right arip crossing his body lower down 
so that the fingers project just beyond hjs left fide. 
In CatasetiAn callosum both arms are held lower doton, 

o«2 
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and arc extended symmetrically. In C. saecatum the 
left arm is bowed and held in front, as in G. triden- 
tatum, but rather lower down ; whilst the right arm 
hangs downwards paralysed, with the hand turned a 
little outwards. In every case notice will be given in 
an admirable manner, when an insect visits the label- 
lum, and the time has arrived for the ejection of the 
pollinium, so that it may be transported to the female 
plant. 

Gatasetum tridentatum is interesting under another 
point of view. Botanists were astonished when Sir It. 
Schomburgk* stated that he had seen three forms, 
believed to constitute three distinct genera, namely, 
Gatasetum tridentatum, Monacliuntlms viridis, and 
Myanthus larlatus, all growing on the same plant. 
Bindley remarked t that “such cases shake to the 
foundation all our ideas of the stability of genera and 
species.” Sir K. Schomburgk affirms that he has seen 
hundreds of plants of G. tridentatum in Essequibo with- 
out ever finding one specimen with seeds ;t whereas 

* 4 Transactions of the Limn an Bristol. Lastly De-fen Herbert 
Soc.’ vol. xvii. p. 522. Another informed me many years ago that 
account by Dr. Lindley appeared Gatmdum luriduia dowered und 
in the ‘Botanical Register/ fol. kept true for nine years in the 
1951'/ of a distinct species of Myi- Botanic Garden at York ; it then 
anthusaudMonachantliusappear- threw up a scape of a Myanthus, 
in*r on the same scape : lie alludes which os we Bhall presently tee is 
also to other cases. Somo of the an hermaphrodite, intermediate in 
iiowers in these cases were in an in- form between the male and ft* male, 
ter mediate condition, which is not M. Duchartre has given a full his- 
s ur prising, teeing that in diceeious tormal account of the appearance 
plants we sometimes have a partial of these forms on the same plant, 
resumption of the diameters of in ‘Bull, do la Soe. Bot. de 
!>oth sexoil. Mr. Rdgers of River- France/ vol ix. 18C2, p. lid. 
hill informs me ti nt he imported t The ‘Vegetable Kingdom/ 
from Dfcmerara a Myanthus, und 1853, p. 178. 
that when it dowered a second J Brongniart states (‘Bull, de 
time it was metamorphosed into la Soc. Bot. de France}' tom. ii. 
a Ciitasetum. Dr. Carpenter 1855 b p. 20) tjhnt M. Neumann, a 
(‘ Comparative Physiology/ 4th skilful fertiliser of Orchids, could 
edit. ( jk U33) alhides to an ana- never succeed iu fertilising Cata- 
logues case which occurred at sctuin. 
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he was surprised at the gigantic seed-vessels of the 
Monachanthus ; and he correctly remarks that “ here 
we have traces of sexual difference in Orchideous 
flowers/ Dr. Criiger also informs me that in Trinidad 
he never saw capsules naturally produced by the 
flowers of this Catasetum ; * nor when they were fer- 
tilised by him with their own pollen, as was done 
repeatedly. On the other hand, when he fertilised 
the flowers of the Monachanthus mridis with pollen 
from the Catasetum, the operation never failed. The 
Monachanthus also commonly produces fruit in a state 
of nature. 

From what I had myself observed, I was led*to 
examine carefully the female organs of G. tridentatum , 
callosum , and saccatum. In no case was the stigmatic 
surface viscid, as it is in all other Orchids (except as 
we shall hereafter see in Cypripedium), and as is 
indispensable for securing the pollen-masses by the 
rupture of the caudicles. I carefully looked to this 
point both in young and old flowers of C. tridentatum . 
When the surface of the stigmatic chamber and of the 
stigmatic canal of the above-named three species is 
scraped off, after having been kept in spirits, it is found 
to be composed of utriculi (including nuclei trf the 
proper shape), but not nearly so numerous as with 
ordinary Orchids. The utriculi cohere more together 


* Dr. Hance writes to mo flint 
he lias in his collection a plunt of 
Catasetum tridentatum from the 
West Indies bearing a line capsule ; 
but it # does not appear to Lave 
been ascertained that this par- 
ticular flower was that of Cata- 
setum, fold there is no groat im- 
probability iu a jingle flpwer of 
Monachanthus being pioduced by 
a plant of Catasetum. as well as a 
whole scapb, which we know has 


oft(gi occurred. J. G. Beer fays 
(quoted by Irmi#ch, • Bcitrage zu 
Biologie der Orchidecn,’ 1853, p. 
22) that during three years he 
tried in yarn to feitilisc Catasetum, 
but on one occasion, by placing' 
only the viscid disc of a polliniiihi 
within the stigma, a ripe fruit 
was produced ; but it may be 
asked. Did the seeds contain 
embryos V 
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and are more transparent ; I examined for comparison 
those of many kinds of Orchids which had been kept 
in spirits, and in all found them much less transparent. 
In C. tridentatum, the ovarium is shorter, mVch less 
deeply furrowed, narrower at the base, and internally 
more solid than in Monachanthus. Again, in all 
three species of Catasetum the ovule-bearing cords 
are short ; and the ovules present a considerably dif- 
ferent appearance, .in being thinner, more transparent, 
and less pulpy than in the numerous other Orchids 
examined for the sake of comparison. Perhaps these 
bodies hardly ought to be called ovules, although they 
correspond closely in general appearance and position 
with true ovules, for I was unable in any case to make 
out the opening of the testa and the included nucleus ; 
nor were the ovules ever inverted. 

From these several facts, namely, — the shortness, 
smoothness, and narrowness of the ovarium, the short- 
ness of the ovule-bearing cords, the state of the ovules 
themselves, the stigmatic surface not being viscid, the 
transparent condition of the utriculi, — and from neither 
Sir ft. Schomburgk nor Dr. Criiger having over seen 
G. tridentatum producing seed in its native homo, 
or when artificially fertilised, we may confidently 
look at this species, as well as the other species of 
Catasetum, as male plants. < 

With respect to Monachanthus viridis, and Myanthus 
hafbatus, the President of the Linnean Society has 
kindly pernfitted me to examine the spike bearing 
these two so-called genera, preserved in spirits, which 
waf senf home by Sir E. Schomburgk. The flower of 
the Monachanthus (A, fig. 31) resembles pretty qlosely 
in external appearance that of Cata&etuqn tridentatum 
(fig. 3(J). The labellum, which holds the same relative 
position to the oljier parts, is not nearly 'so deep, 
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especially on the sides, and its edge is crenated. The 
other petals and sepals are all reflexed, and are not so 
much spotted as in the Catasetum. The bract at the 
base of the ovarium is much larger. The whole column, 


Fig. 31. 



B. MVANTIIUS BATtBATUS. ' A. MON ACH ANTIITJS VIRIDI6. 


a. anther. 
an. antennae. 

/. label luni. 

p. pollen-mass, rudimentary. 
8. stigmatic cleft. 
scp. two lower sepals. 


A. Side view of Monachanthus triri - 

dis in its natural position. (The 
shading in both drawings has 
been added from Mr. tyiss’ 
'drawing in the * Linnean Trans- 
actions.*) 

B. Side view of Myanthus barbatui 

in its natural position. 


especially the filament and the spike-like anther, ore 
much shorter* and J;he rostellum is much less protu- 
berant. The antennm are entirely absent, apd thp 
pollen-masses are rudimentary. These are interesting 
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facts, from corroborating the, view taken of the function 
of the antenna; ; for as there are no pollinia to eject, 
an organ adapted to convey the stimulus £rom the 
touch of an insect to the rostellum would be useless. 
I could find no trace of a viscid disc or pedicel, and 
no doubt they had been lost ; for Dr. Criiger says* 
that “the anther of the female flower drops off imme- 
diately after the opening of the same, i. e. before the 
flower has reached* perfection as regards colour, size, 
and smell. The disc does not cohere, or very slightly, 
to the pollen-masses, but drops off about the same 
time, with the anther;” leaving behind them the rudi- 
mentary pollen-masses. 

Instead of a large stigmatic chamber, there is a 
narrow transverse cleft close beneath the small anther. 
I was able to insert one of the pollen-masses of the 
male Catasetum into this cleft, which from having been 
kept in spirits was lined with coagulated beads of 
viscid matter, and with utriculi. The utriculi, differ- 
ently from those in Catasetum, were charged (after 
having been kept in spirits) with brown matter. The 
ovarium is longer, thicker near the base, and more' 
plainly furrowed than in Catasetum ; the ovule-bearing 
cords are also much longer/- and the ovules more opaque 
and pulpy, as in all common Orchids^ I believe that 
I saw the opening at the partially inverted end of the' 
testa, with a large projecting nucleus ; but as the speci- 
mens had been kept many years in spirits and Were 
somewhat altered, I dare not speak positively. From 
these facts alone it is almost certain, that Monachanthus 
' is .a female plant ; and as already stated, Sir R. 
Schomburgk and Dr. Criiger have both seen it seeding 
abundantly. Altogether the flower differs in a most 

*■ * u 
' Joum. Liuei. Boo. Bot.’ vol. viii. 1864, p. 127. 
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remarkable manner from .that of the male Cataaetum 
tridentatum, and it is no wonder that the two plants 
were formerly ranked as distinct genera. 

The pollen-masses offer so curious and good an illus- 
tration of a structure in a rudimentary condition, that 
they arc worth description ; but I must first recur to 
the perfect pollen-masses of the male Catasctum. 
These may be seen at D and E, fig. 29, attached to 
the pedicel : they consist of a largd sheet of cemented 
or waxy pollen-grains, folded over so as to form a 
sack, with an open slit along the lower surface, within 
which at the lower and produced end, a layer of highly 
elastic tissue, forming the caudicle, is attached; the 
other end being attached to the pedicel of the rostellum. 
The exterior grains o;f pollen are more angular, have 
thicker walls, and are yellower than the interior grains. 
In the early bud the two pollen-masses are enveloped 
in two conjoined membranous sacks, which are soon 
penetrated by the two produced ends of the pollen- 
masses and by their caudicles; and afterwards the 
extremities of the caudicles adhere to the pedicel. 
Before the flower expands the membranous sacks in- 
cluding the two pollen-masses open ; and the pollen- 
masses are left resting naked on the back of* the 
rostellum. 

In Monachanthus, on'the other hand, the two mem- 
branous sacks containing the rudimentary pollen- 
masses never open ; but they easily separate from each 
other and from the anther. The tissue of which they 
are formed is thick and pulpy. Like most rudi- 
mentary parts, the pollen-masses vary much in si*^ 
and fonn ; they are only about one-tenth of the bulk 
of those of the«nale ;.they are flask-shaped (p, fig. 31), 
with the lower end greatly produced so .as almbst to* 
penetrate the exterior or membrancAis sack. There is. 
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no fissure along their lower- surfaces for the protrusion 
of the caudicles. The exterior pollen-grains are square 
and have thicker walls than the interior grains, just as 
in the proper male pollen ; and, what is very curious, 
each cell has its nucleus. Now, 11. Brown states* that 
in the early stages of the formation of the pollen-grains 
of ordinary Orchids (as with other plants) a minute 
nucleus is often visible ; so that the rudimentary pollen- 
grains of Mouachanthus apparently have retained — as 
is so general with rudiments in the animal kingdom — 
an embryonic character. Lastly, at the base, within 
ejdb flask-shaped pollen-mass, there is a little mass of 
brown elastic tissue, — that is, a vestige of a caudicle, — 
which runs far up the pointed end of the flask, but 
does not (at least in some of the specimens) come to 
the surface, and could never be attached to any part of 
the pedicel. These rudimentary and enclosed caudicles 
are, therefore, utterly useless. Notwithstanding the 
small size and almost aborted condition of the female 
pollen-masses, when they were placed by Dr. Crtiger 
within the stigma of a female plant they emitted “ here 
and there a rudimentary tube.” The petals then faded 
and the ovarium enlarged, but after a week it turned 
yellow and finally dropp'ed off without bringing any 
seeds to perfection. This appears to me a very curious 
instance of the slow and gradual manner in which 
structures are modified ; for the female pollen-masses, 
which can pever be haturally removed or applied to 
the stigma, still partially retain their former powers 
and function. 

, “Thus every detail of structure which characterises 
the male pollen-masses is represented in the c female 
plant in a useless condition. Such cases* are familiar to 

4 Transactions of the Linnean Soc.’ vol. xvi. p. 711. 
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every naturalist, but can. never be observed without 
renewed interest. At a period not far distant, natura- 
lists willfhear with surprise, perhaps with derision, that 
grave and learned men formerly maintained that such 
useless organs were not remnants retained by inherit- 
ance, but were specially created and arranged in their 
proper places like dishes on a table (this is the simile 
of a distinguished botanist) by an Omnipotent hand 
“ to complete the scheme of nature. v 

The third form, Myantlius larbatus (fig. 31, B), is 
sometimes borne on the same plant together with the 
two preceding forms. The flowers differ greatly in 
external appearance, but not in essential structure, 
from those of both the other forms. They generally 
stand in a reversed position, compared with those of 
Catasetum tridentatum and of Monachanthus viridis, 
that is, with the labellum downwards. The labellum 
is fringed in an extraordinary manner with long 
papillae; it has a quite insignificant medial cavity, 
at the hinder margin of which a curious curved and 
flattened horn projects, which represents the anvil-like 
projection on the labellum of the male C. callosum. 
The other petals and sepals are spotted and elongated, 
with the two lower sepals alone reflexed. The anteftme 
are not so long as in the male 0 . tridentatum; they 
project symmetrically cfti each side of the horn-like 
process at the base of the labellum, with their tips, 
which are not roughened with papillae, almost entering 
the medial cavity. The stigmatic chamber is of nearly 
intermediate size between that of the male and female 
forms ; *it is lined with utriculi charged with «brown t 
matter.. The straight and well-furrowed ovarium is 
nearly twice as.* long qs that of the female Monachan- 
thus, but not so thick wjjiere it joins the. flower^ the < 
ovules are* opaque and pulpy after having been kept 
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in spirits, and resemble those of the female in all 
respects, but are not so numerous. I believe that I 
saw the nucleus projecting from the testa, jjrat dare 
not, as in the case of the Monachanthus, speak posi- 
tively. The pollinia are about a quarter of the size 
of those of the male Catasetum, but have a perfectly 
well developed disc and pedicel. The pollen-masses 
were lost in the specimens examined by me ; but 
Mr. Reiss has given, in the Linnean Transactions, a 
drawing of them, showing that they are of duo pro- 
portional size and have the proper folded or cleft 
structure, within which the caudicles are attached. 
r Jhus as both the male and female organs are in 
appearance perfect, Myanthus barbatus may be con- 
sidered as an hermaphrodite form of the same species, 
of which the Catasetum is the male and Monachan- 
thus the female. Nevertheless, the intermediate forms, 
which are common in Trinidad, and which resemble 
more or less closely the above described Myanthus, 
have never been seen by Dr. Criiger to produce seed- 
capsules. 

It is a highly remarkable fact, that this sterile 
hermaphrodite form resembles in its whole appearance 
and-structuro the males of two other species, namely, 
G. saocatum and more especially C. callosum, much 
more closely than it does either the male or female 
form of the same species. As all orchids, with the 
exception of a few in the present small sub-family, as 
well as all the members of several allied groups of 
plants, are hermaphrodites, there can be no doubt 
that the common progenitor of the Orchidese was 
an hermaphrodite. We may therefore attribute the 
hermaphrodite condition and the general appearance 
. of Myanthus to reversion to a former state ; and if 
t so, the ancestors of all the species of Catasetum must 
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have resembled the males of G. saccatum and callosum , 
for as we have just seen, it is to these two plants -that 
Myanthup presents so many striking resemblances.* 
Lastly I may be permitted to add that Dr. Criiger, 
after having carefully observed these three forms in 
Trinidad, fully admits the truth of my conclusion that 
Gatasetum tridantatuin is the male and Monachanthus 
vb-idis the female of the same species. He further 
confirms my prediction that insects are attracted to 
the flowers for the sake of gnawing the labellum, and 
that they carry the pollen-masses from the male to the 
female plant. He says “the male flower emits a 
peculiar smell about twenty-four hours after opening, 
and the antennae assume their greatest irritability at 
the same time. A large humble-bee, noisy and quarrel- 
some, is now attracted to the flowers by the smell, 
and a great number of them may be seen every morning 
for a few hours disputing with each other for a place in 
the interior of the labellum, for the purpose of gnawing 
off the cellular tissue on the side opposite to the column, 
so that they turn their backs to the latter. As soon as 
they touch the upper antenna of the male flower, the 
pollen-mass, with its disc and gland, is fixed on their 
back, and they are often sqen flying about withothis 
peculiar-looking ornament on them. I have never 
seen it attached except to the very middle of the 


* The male of the Indian ante- 
lope {A. bezoartim > after castration 
produces horns of a widely dif- 
ferent shape from those of the 
perfect male ; and larger and 
thicker* than those occasionally 
produced by the female. We see 
somethiifjg of the same kind in the 
horns of the common ox. I have 
remarked in my * iTescent of Man * 
(2nd edit. p. 50i>), that such 
cases may pobably be attributed 


to reversion to a former state’ of 
the species ; for, we have good 
reason to believe that any cause 
which disturbs the eoustitutiou 
leads to reversion. My an thus, 
though having the organs of both 
sexes apparently perfect, is sterile^ 
it has therefore had its sexual 
constitution disturbed, and this 
seems to have caused it to revert 
in character to iv former state. * 



206 


VANDEJE, 


Chap. VII. 


thorax. When the bee walks about, the pollen-mass 
lies flat on the back and wings ; but when the insect 
enters a female flower, always with the labellum turned 
upwards, the pollinium, which is hinged to the gland 
by elastic tissue, falls back by its own weight and rests 
on the anterior face of the column. When the insect 
returns oack wards from the flower, the pollinia are 
caught by the upper margin of the stigmatic cavity, 
which projects a little beyond the face of the column ; 
and if the gland be then detached from the back of 
the insect, or the tissues which connect the pollinia 
with the caudiele, or this with the gland, break, fecun- 
dation takes place.” Dr. Cruger sent me specimens 
of the humble-bees which he ..aught gnawing the 
labellum, and these consist of Eufflossa nov. spec., ca- 
jennensis and piliventris. 

Catasetum mentomm and a Monachanthus, according 
to Fritz Muller, * grow in the same district of South 
Brazil ; and he easily succeeded in fertilising the 
latter with pollen from the former. The pollen-masses 
could be inserted only partially into the narrow 
stigmatic cleft ; but when this was done, a process of 
deglutition, as described under Cirrhaea, commenced 
and was slowly completed.^ On the other hand, Fritz 
Muller entirely failed in his attempts to fertilise the 
flowers of this Catasetum with,, its own pollen or with 
that from another plant. The pollinia of the female 
Monachanthus are very small; the pollen-grains are 
variable both in size and shape ; the anther never 
opens, and the pollen-masses are not attached to 
the caudiele. Nevertheless, when these rudimentary 
pollen-masses, which can never naturally be reproved 
from their cells, were placed on the slightly viscid 


* Bpt. Zeitung,’ 1868, p. 6S0. 
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stigma of the male Catasetum, they emitted their 
tubes. 

The gonus Catasetum is interesting to an unusual 
degree i5 several respects. The separation of the 
sexes is unknown amongst other Orchids, except per- 
haps in the allied genus Cycnoches. In Catasetum 
we have three sexual forms, generally borne on sepa- 
rate plants, but sometimes mingled together on the 
same plant; and these three forms are wonderfully 
different from one another, much more different than, 
for instance, a peacock is from a peahen. But the 
appearance of these three forms now ceases to be an 
anomaly, and can no longer be viewed as an unparal- 
leled instance of variability. 

This genus is still more interesting in its manner of 
fertilisation. We see a flower patiently waiting with 
its antennae stretched forth in a well-adapted position, 
ready to give notice whenever an insect puts its head 
into the cavity of the labellum. The female Mona- 
chanthus, not having true pollinia to eject, is destitute 
of antennae. In the male and hermaphrodite forms, 
namely Catasetum tridentatum and Myanthus barbatm, 
the pollinia lie doubled up, like a spring, ready to be 
instantly shot forth when the antennae are touched. 
The disc end is always projected fosemost, and is coated 
with viscid matter which quickly sets hard and affixes 
the hinged pedicel firmly to the insect’s body. The 
insect flies from flower to flower, till at last it visits«a 
female plant : it then inserts one of tho pollen-masses 
into the stigmatic cavity. As soon as the insect flies 
away tjie elastic caudicle, made weak enough to yield 
to the viscidity of the stigmatic surface, brealts, and* 
leaves behind a pollen-mass; thon the pollen-tubes 
slowly protrude, penetrate the stigmatic canal, aqd the 
act of fertilisation is completed. Who ‘would Jiave 
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been bold enough to have surmised that the propaga- 
tion. of a species depended oh so complex, so apparently 
artificial, and yet so admirable an arrangement ? 

I have examined three other genera placed by 
Lindley in the small sub-family of Catasetidoe, namely, 
Mormodes, Cycnoches and Cyrtopodium. The latter 
plant was purchased by me under this name, and bcrc 
a flower-stem about four feet in height with yellowish 
bracts spotted with red ; but the flowers presented 
none of the remarkable peculiarities of the three other 
genera, with the exception that the anther was hinged 
to a point projecting from the summit of the column, 
as in Catasetum. 

Mormodes ignea . — To show how difficult it sometimes 
is to understand the manner in which an Orchid is 
fertilised, I may mention that I carefully examined 
twelve flowers,* trying various experiments and re- 
cording the results, before I could at all make out the 
meaning and action of the several parts. It was plain 
that the pollinia were ejected, as in Catasetum, but 
how each part of the flower played its proper part I 
could not even conjecture. 1 had given up the case 
as ^opeless, until summing up my observations, the 
explanation presently to be given, and subsequently 
proved by repeated experiments to be correct, suddenly 
occurred to me. 

rThe flower presents an extraordinary appearance, 
•and its mechanism is even more curious than its ap- 
pearance (fig. 32). The base of the column is bent 
backwards, at right angles to the ovarium or footstalk, 


1 I must express my cordial 
thanks to Mr. Rucker* of West 
•Hill, Wandswortji, for having lent 
me a jjlunt of this Mormodes with 


two line spikes, bearing an abun- 
dance* of flowers, and for having 
allowed me to keep the plant for 
a consideiable time. l 
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and then resumes an upright position" to near its 
summit, where it is again 1 'bent. It is, also, twisted in 
a unique manner, so that its front surface, including 





MOFLMOLUIS IG3EA. 

Lateral view of flower, with tlfe upper sepal and the near upper petal 

cut off. 

N.B. The lnbellum in the drawing is a little lifted up, to show the im- 
pression on its under surface, which ought to be pressed close down' 
on the -bent summit of the column. 


a, antler. L labellum. 

i d. pedicel of polliniuni, 7. a. lateral sepal, 

s. stignj^. 

the anther, roftellunf, and the upper part of the stigma 
faces one* side of the flower; this being ’either tp the 

p 
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right or left, according to the position of the flower 
on the spike. The twisted stigmatic surface extends 
down to the base of the column and is hollowed out 
into a deep cavity at its upper end. The lar£e viscid 
disc of the pollinium is lodged in this cavity close be- 
neath the rostcllum ; and the rostellum is seen in the 
drawing (pd.) covered by the bowed pedicel. 

The anther-case ( a in the figure) is elongated an(l 
triangular, closely resembling that of Catasetum ; but 
it does not extend up to the apex of the column. The 
apex consists of a thin flattened filament, which from 
the analogy of Catasetum I suppose to be the produced 
filament of the stamen ; but it may be a prolongation 
of some other element of the column. In the bud- 
state it is straight, but before the flower expands, it 
becomes much bent by the pressure of the labcllum. 
A group of spiral vessels runs up the column as far as 
the summit of the anther-case ; they are then reflexed 
and run some way down the anther-case. The point 
of reflexion forms a short thin hinge by which the top 
of the anther-case is articulated to the column beneath 
its bent summit. The hinge, although smaller than a 
pin’s head in size, is of paramount importance ; for it 
is sensitive and conveys the stimulus from a touch to 
the disc of the pollinium, causing it to separate from 
its place of attachment. The hinge also serves to 
guide the pollinium during its ejection. As it has 
to- convey the necessary stimulus to the disc, one may 
suspect that* a portion of the rostcllum, whicli lies in 
. clpse contact with the filament of the anther, runs up ’ 
to this point ; but I could not here detect any differ- 
ence in structure on comparing these parts witli those 
of Catasetum. The cellular tissue round thfe hinge 
is gorged with fluid, and a large drop exudes when 
‘the either is 'tom from the column during the ejection 
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of the pollinium. This gorged condition may perhaps 
facilitate the rupture of the hinge. 

The pollinium does hot differ much from that of 
Catasetum (see fig. 29, D, p. 183) ; and it lies in like 
manner curved round the rostollum, which is less protu- 
berant than in that genus. The upper and broad end of 
the pedicel, however, extends beneath the pollen-masses 
within the anther ; and these are attached by rather 
weak candiclos to a medial crest on its upper surface. 

The viscid surface of the large disc lies in contact 
with the roof of the stigmatic cavity, so that it cannot 
be touched by an insect visiting the flower. The 
anterior end of the disc is furnished with a small de- 
pendent curtain (dimly shown in fig. 32); and this, 
before the act of ejection, is continuously joined on 
each side to the upper margins of the stigmatic cavity. 
The pedicel is united to the posterior end of the disc ; 
but when the disc is freed, the lowermost part of the 
pedicel becomes doubly bent, so that it then appears 
as if attached by a hinge to the centre of the disc. 

The labellum is a highly remarkable structure : it 
is narrowed at its base into a nearly cylindrical foot- 
stalk, and its sides are so much reflcxed as almost to 
meet at the back, forming a. folded crest on the sum- 
mit of the flower. After rising ’up perpendicularly 
it arches over the apex pf the column, against which it 
is firmly pressed down. The labellum at this point is 
hollowed out (oven in the bud) into a slight cavity, 

, which receives the bent summit of the column. This 
slight depression manifestly represents the large cavity, 
with thick fleshy walls, which insects gnaw, pn t]je 
anterior surface of the labellum in the several specieS 
of Catasetum. Here by a singular change of function, 
the cavity seizes to Tteep the labellum in its proper, 
position <3h the summit of the colunpi, but is, perhaps, 

B 2 
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likewise attractive to insects. In the drawing (fig. 32) 
the labellum has been forcibly raised a little up, so as 
to show the depression and the bent filament. In its 
natural position it may almost be compared to a huge 
cocked-hat, supported bv a footstalk and placed on the 
head of the column. 

The twisting of the column, which 1 have seen in 
no other Orchid, causes all the important organs cf 
fructification in the flowers on the left side of the 
spike to face to the left., and in all those on the right 
side to face to the right. So that two flowers taken 
from opposite sides of the same spike and held in 
thl» same relative position are seen to be twisted in 
opposite directions. One single flower, which was 
crowded by the others, was barely twisted, so that its 
column faced the labellum. The labellum is also 
slightly twisted : for instance, in the flower figured, 
which faced to the left, the midrib of the labellum was 
first, twisted to the right-hand, and then to the left, but 
in a less degree, and being bent over it pressed on the 
posterior surface of the crooked summit of the column. 
The tw-isting of all the parts of the flower commences 
in the bud. 

The position thus acquired by the several organs is 
of the highest importance; for if the column and 
labellum had not been twisted laterally, the pollinia, 
when shot forth, would have struck the overarching 
labellum and have tiien rebounded, as actually oc- 
curred with ‘the single abnormal flower having a nearly , 
straight column. If the organs had not been twisted 
in opposite directions on the opposite sides of the same 
crowded spike, so as always to lace to the outside, there 
would not have been a clear space for the ejection of 
c the pedlinia and their adhesion to* insect^. 

When the flowpr is mature the three sepals hang 
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down, but the two upper petals remain nearly upright. 
The bases of the sepals, and especially of the two 
upper jfetals, are thick and swollen and have a 
yellowish tint; when quite mature, they are so gorged 
with fluid, that, if punctured by a fine glass tube, the 
fluid rises by capillary attraction to some height in it. 
These swollen bases, as w’ell as the footstalk of the 
tabellum, have a decidedly sweet and pleasant taste ; 
and I can hardly doubt that they are attractive to 
insects, for no free nectar is secreted. 

1 will now endeavour to show how all the parts of 
the flower are co-ordinated and act together. The 
pedicel of the pollinium is bowed round the rostellum, 
as in Catasetuiu ; in this latter genus, when freed, 
it merely straightens itself with force, in Mormodos 
something more takes place. If the reader will look 
forward to fig. 34 (p. 223), he will see a section of the 
flower-bud of the allied genus of Cycnoclies, which 
differs only in the shape of the anther and in the viscid 
disc having a much deeper dependent curtain. Now 
Jet him supposo the pedicel of the pollinium to be so 
elastic that, when freed, it not only straightens itself, 
but suddenly bends back on itself with a reversed 
curvature, so as to form «an irregular hoop. * The 
curved surface which was before in contact with 
the protuberant rostdllum now forms the outside 
of the hoop. The exterior surface of the curtain, 
which depends beneath the disc, is not viscid; and 
it now lies on the anther-case, with the viscid surface 
of the disc on the outside. This is exactly what takes 
place* with Mormodes. But the pollinium ■assumgs 
with sTich force its reversed curvature (aided, appa- 
rently, by a transverse curling outwards of the margins 
of the pedicel), that it not only forms itself* into 
hoop, but suddenly springs away ffom the protuberant 
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face of the rostellum. As the two pollen-masses 
adhere, at first, rather firmly to the anther-case, the 
latter is tom off by the rebound ; and as the thin 
hinge at the summit of the anther-case does not yield 
so easily as the basal margin, the pollinium together 
with the anther-case is instantly swung upwards like a 
pendulum. But in the course of the upward swing 
the hinge yields, and the whole body is projected 
perpendicularly up in the air, an inch or two above and 
close in front of the terminal part of the labellum. If 
no object is in the way, as the pollinium falls down, 
it ^generally alights and sticks, though not firmly, on 
the folded crest of the labellum, directly over the 
column. I witnessed repeatedly all, that has been 
here described. 

The curtain of the disc, which, after the pollinium 
las formed itself into a hoop, lies on the anther-case, 
is of considerable service in preventing the viscid edge 
of the disc from adhering to the anther, and thus 
permanently retaining the pollinium in the form of a 
iioop. This would have been fatal, as we shall pre- 
sently see, to a subsequent movement of the pollinium 
which is necessary for the fertilisation of the flower. 
In Some of my experiments, when the free action 
of the parts was checked, this did occur, and the 
pollinium, together with the' anther-case, remained 
permanently glued together in the shape of an ir- 
regular hoop, ' 

I have already stated that the minute hinge by 
which the anther-case is articulated to the column, a 
little way beneath its bent filamentary apex, in sen- 
sitive to a touch. I tried four times and* found 
that I could touch with some force any other part ; 
but when I gently touched this point with {he finest 
peedie^ instantly the membrane which unites the disc 
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to the edges of the stigmatic cavity where it is lodged, 
ruptured, and the pollinium was shot upwards and fell 
on the cJest of the labellum as just described. 

Now let us suppose an insect to alight on the 
folded crest of the labellum, and no other convenient 
landing-place is afforded, and then to lean over the 
front of the column so as to gnaw or suck the bases of 
•flie petals swollen with sweet fluid. The weight and 
movements of the insect would disturb the labellum 
and the bent underlying summit of the column ; and 
the latter, pressing on the hinge in the angle, would 
cause the ejection of the pollinium, which would in- 
fallibly strike the head of the insect and adhere 'to 
it. I tried by placing my gloved finger on the summit 
of the labellum, with the tip just projecting beyond 
its margin, and then gently moving my finger it was 
really beautiful to see how instantly the pollinium 
was projected upwards, and how accurately the viscid 
surface of the disc struck my finger and firmly 
adhered to it. Nevertheless, I doubt whether the 
weight and movements of an insect would suffice to 
•thus act indirectly on the sensitive point ; but look 
at the drawing and see how probable it is that an 
insect leaning over would place its front legs ovcf the 
edge of the labellum on the summit of the anther- 
case, and thus touch the sensitive point. The pol- 
linium would then be ejected, and the viscid disc 
would certainly strike and adhere to the insect’s head. 

Before proceeding, it may be worth whife to mention 
some of the early trials which I made. I pricked 
deeply the column in different parts, including the' 
stigmaf and cut off the petals, and even the labellum, 
without causjpg th$ ejection of the pollinium; this, 
however^ once happened when I cut rather rbughly 
through the thick footstalk of the labellum, tlfe fila- 
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incntary summit of the column no doubt having been 
thus* disturbed. When I gently prised up the anther- 
(vise at its base or on one side, the pollifeium was 
elected, but then the sensitive hinge would necessarily 
have been bent. When the flower has long remained 
expanded and is nearly ready lor spontaneous ejection, 
a slight jar on any part of the flower causes the 
action. Pressure on the thin pedicel of the polliniurii, 
and therefore on the underlying protuberant rostellum, 
is followed by the ejection of the pollen-masses ; but 
this is not surprising, as the stimulus from a touch 
on the sensitive hinge has to be conveyed through 
tlfis part of the rostellum to the disc. In Oatasetum 
slight pressure on this point docs not cause the act 
of ejection ; but in this genus the protuberant part of 
the rostellum does not lie in the course along which 
the stimulus has to be conveyed from the antenna? 
to the disc. A drop of chloroform, of spirits of wine, or 
of boiling water placed on this part of the rostellum 
produced no effect ; nor, to my surprise, did exposure 
of the whole flower to vapour of chloroform. 

Seeing that this part of the rostellum was sensitive* 
to pressure, and that the flower was widely open on 
one tide, and being pre-occupied with the case of Cata- 
setum, I at first felt convinced that insects entered the 
lower part of the flower and* touched the rostellum. 
Accordingly I pressed the rostellum with variously- 
shUpcd objects, but the viscid disc never once adhered 
in a proper Aianner to the object. If I used a thick 
needle, the pollinium, when ejected, formed a hoop 
roynd if with the viscid surface outside ; if I Used a 
Broad flat object, the pollinium struggled against it 
and sometimes coiled itself up spirally^ but the disc 
either ‘did not adhere at all, or very imperfectly. At 
the close of the twelfth trial I was in despair. The 
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strange position of the labellum, perched on the summit 
of the column, ought to have shown me that here was 
the placR for experiment. I ought to have rejected 
the notion that the labellum was thus placed for no 
good purpose. This plain guide was overlooked, and 
for a long time I completely failed to understand the 
structure of the flower. 

# We have seen that when the pollinium is ejected 
and swings upwards, it adheres by the viscid surface 
of the disc to any object projecting beyond the edge 
of the labellum directly over the column. When thus 
attached, it forms an irregular hoop, with the torn-off 
anther-case still covering the pollen-masses which arc 
close to the disc, but protected from adhering to it 
by the dependent curtain. Whilst in this position 
the projecting and bowed part of the pedicel would 
effectually prevent the pollen-masses from being placed 
on the stigma, even supposing the antlier-case to have 
fallen off. Now let us suppose the pollinium to be 
attached to an insect’s head, and observe what takes 
place. The pedicel, when first separated from the ros- 
tellurn, is damp; as it dries, it slowly straightens 
itself, .and when perfectly straight the anther-case 
readily drops off. The pollen-masses are now nJked, 
and they are attached to the end of the pedicel by 
easily ruptured caudicltfs, at the right distance and in 
a proper position for their insertion into the adhesive 
stigma, as soon as the insect* visits another flower. 
Thus every detail of structure is now perfectly adapted 
for the act of fertilisation. 

Wlifen the anthcr-case drops off, it has performed 
triple faftiction ; namely, its hinge as an organ of sense, 
its weak attachment Jto the column as a guide causing 
the polliiyum at first to swing perpendicularly upwards*, 
and its lower margin, together with* the curtain of the. 
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disc, as a protection to the -pollen-masses from being 
permanently glued to the viscid disc. 

From observations made on fifteen flowers, it was 
ascertained that the straightening of the pedicel does 
not occur until from twelve to fifteen minutes have 
elapsed. The first movement causing the act of ejec- 
tion is due to elasticity, and the second slow movement 
to the drying of the outer and convex surface ; but 
this latter movement differs from that observed in the 
pollinia of so many Vandea) and Ophrea), for, when 
the pollinium of this Mormodes was placed in water, 
it did not recover the hoop-like form which it had at 
first acquired by elasticity. 

The flowers arc hermaphrodites. The pollinia are 
perfectly developed. The elongated stigmatic surface 
is extremely viscid and abounds with innumerable 
utriculi, the contents of which shrink and become 
coagulated after immersion for less than an hour in 
spirits of wine. When placed in spirits for a day, the 
utriculi were so acted on that they disappeared, and this 
I have not noticed in any other Orchid. The ovules, 
after exposure to spirits for a day or two, presented 
the usual semi-opaque, pulpy appearance common to 
all 'hermaphrodite and female Orchids. From the 
unusual length of the stigmatic surface I expected 
that, if the pollinia were not 'ejected from the excite- 
ment of a touch, the anther-case would have detached 
itself, and the pollen-masses would have swung down- 
wards and fertilised the stigma of the same flower. 
Accordingly, I left four flowers untouched ; after they 
]iad remained expanded from eight to ten dajta, the 
elasticity of the pedicel conquered the force of* attach- 
ment and the pollinia were spontaneously ejected, but 
•they did not. fall on the stigma and were consequently 
wasted. 
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Although Mormodes igma is an hermaphrodite, yet 
it must be as truly dioecious in function as Catasetum ; 
for as it lakes from twelve to fifteen minutes before 
the pedicel of an ejected pollinium straightens itself 
and the anther-case drops off, it is almost certain that 
within this time an insect with a pollinium attached 
to its head would have left one plant and flown to 
another. 

Mormodes luxata . — This rare and fine species is ferti- 
lised in the same manner as Mormodes ignea , but differs 
in several important points of structure. The right 
and left sides of the same flower differ from one another 
even in a greater degree than in the last species. One 
of the petals and one of the sepals project at right 
angles to the column, while the corresponding ones 
stand upright and surround it. The upturned and 
twisted label! urn is furnished with two large lateral 
lobes : of these one embraces the column, while the 
other stands partly open on the side where the one 
petal and sepal lie flat. Insects can thus easily enter 
the flower on this latter side. All the flowers on the 
left side of the spike are open on their left sides, while 
those on the right side are open on this side. The 
twisted column with sill the important accessory parts, 
together with the rectangularly bent apex, closely re- 
semble the corresponding parts in M. ignea . But the 
under side of the labellum does not rest on and pregs 
against the rectangularly bent *apex of £he column. 
This stands free in the middle of a cup formed by the 
extremity of the labellum. 

I diS. not obtain many flowers fit for examination, 
as threefliad ejected their pollinia owing to the shocks 
received during theia journey. I pricked deeply the 
labellum, ^column and stigma of some of the flowers* 
without any effect ; but when I lightly touched with a. 
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needle, not the anther-hinge as in the last species, but 
the apex of the column of one flower, the pollininm 
was instantly ejected. The bases of the petals and 
sepals are not swollen and succulent like those of 
M. ifjnea ; and 1 have little doubt that insects gnaw 
the labellmu, which is thick and .fleshy, with the same 
peculiar taste as in Catasetum. If an insect were to 
gnaw the terminal cup, it could hardly fail to touch 
the apex of the column, and then the illinium would 
swing upwards and adhere to some part of the insect’s 
body. The pedicels of the pollinia straighten them- 
splves and the anther-eases are cast oft', in about fifteen 
minutes after the act of ejection. We may therefore 
confidently believe that this species is fertilised in the 
same peculiar manner as Mor modes igiiea. 

Cyouoches ventri cosum. — Mr. Veitch was so kind as to 
send me on two occasions several flowers and flower- 
buds of this extraordinary plant. A sketch of a 
flower in its natural position, with one sepal cut off, 
is shown at fig. 33 (p. 222), and a longitudinal section 
through a young bud at fig. 34 (p. 223). 

The labellum is thick and fleshy, with the usual 
taste of this organ in the Catasetidm ; it resembles in 
shape a shallow begin tinned upside down. The two 
other petals and the three sepals are reflexed. The 
column is almost cylindrical, thin, flexible, elastic 
apd of extraordinary length. It curves round so 
as to bring the stigma and anther opposite to and 
beneath the convex surface of the labellum. The 
apex of the column is not nearly so much produced as 
,ift Mormodes and Catasetum. The pollinia ’closely 
resemble those of Mormodes; but the disc Is larger, 
and its curtain, which is fringed, is sp large that it 
covers the whole entrance into the stigmatijr chamber. 
The structure of these parts is best seen in the section, 
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lig. 34;* in which the pedicel of the pollinium has not 
as yet become separate from the rostellum, but. the 
future lipp of separation is shown by a line (dotted 
in the figure) of hyaline tissue. The filament of the 
anther (/, fig. 34) has not as yet grown to its full 
length. When fully developed it bears two little leaf- 
like appendages which lie on the anther. Lastly, 
or the sides of the stigma there are two slight 
protuberances (fig. 33), which apparently represent 
the antenna) of Catasetum, but have not the same 
function. 

Neither the labellum nor the protuberances on the 
sides of the stigma are at all sensitive ; but when on 
three occasions I momentarily touched the filament, 
between the little leaf-like appendages, the pollinium 
was ejected in the same manner and through the 
same mechanism as in Mormodes ; but it was thrown 
only to the distance of about an inch. If the filament 
had been touched by an object which had not been 
quickly removed, or if by an insect, the viscid disc 
would certainly have adhered to it. Mr. Yeitch informs 
me that he has often touched the end of the column, 
and the pollinium has adhered to his finger. When 
the pollinium is ejected, the pedicel forms a hoop, ^;ith 
the exterior surface of the curtain* of the disc resting 
on and covering the anther. In about fifteen minutes 
the pedicel straightens itself, and the anther-case 
drops off' ; and now the pollinium is in a right position 
for fertilising another flower. As soon a» the viscid 
matter on the under surface of the disc is exposed to 
the ai£ it quickly changes colour and sets hard. It 
then adheres with surprising force to any object? 
From these various facts and from the analogy of the 
other Catasetifhe, we •may conclude that insects, visit 
the flowefs for the sake of gnawipg tlfe labelkun : 
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but it cannot be predicted whether they alight* on t£e 
surface which is uppermost in the drawing (fig. 33) and 


Fig. 33. 



Cycnochks ventiuoosum. 

Flower viewed ii. its natural dependent position. 

colunifl, after the ejection of s. stigmatic cavity, 
the pollinium together with L. label Inm. 
the anther. j jtft. the two lateral petals, 

filament of anther. ; sep. sepals. 


then prawl over the margin so as to gn&w the convex 
‘surface, and' in doing so touch with their nbdomens 
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tHo extremity of the column, or whether they first 
alight on this part of the* column; but in either .case 
they would cause the ejection of the pollinia, which 
would adliere to some part of their bodies. 

The specimens jvhich I examined were certainly 

Fix. ;>4. 
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Diagrammatic Section op a Flower-hud, the column placed 

UPRIGHT. 

t 

<i. ant her. d. disc of poll inium with the dcpcu- 

/. filament of anther. ! dent curtain. 

jk pollen-inass. j a. stigmatic chamber, 

jkL pedicel of pollinium, barely se- ! g. stigmatic canal lending to the 
■ para ted as yet from the ros- ' ovarium, 
tclltim. • , 

male plants, fur tlie pollinia were well developed. The 
stigmatic cavity was lined with a thick layer of p'ulpy 
matter which was not adhesive. But as the flowefe. 
cannot possibly be fertilised until the pollinia have 
been ejected, together with the great curtain tghich 
covers thn whole stigmatic surface, it may be Jfchat 
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this surface becomes at a later period adhesive so as fo 
secure the pollen-masses. r Ihe ovules when kept tor 
some time in alcohol were tilled with brownish pulpy 
matter, as is always the case with perfect ovules. 
Therefore it appears that this Cycnoches must be an 
hermaphrodite ; and Mr. Bateman, in his work 'on the 
Orchideic, says that the present species produces seeds 
without being, as 1 understand, artificially fertilised,; 
but how this is possible is unintelligible to me. On 
the other hand, Beer says * that the stigma of Cyc- 
noches is dry, and that the plant never sets seeds. 
According to Lindley C. ventriemm produces on the 
same scape flowers with a simple labcllmn, others with 
a much segmented and differently coloured labellum 
(viz., the, so-called C. egertonianum), and others in an 
intermediate condition. From the analogous differ- 
ences in the flowers of Catasetum, we are tentpted to 
believe that we here have male, female, and herma- 
phrodite forms of the same species of Cycnoches. t 


I have now finished my description of the Catasetida* 
as well as of many other Vandcsc. The study of these 
wonderful and often beautiful productions, with all 
their many adaptations, with parts capable of move- 
ment, and other parts endowed with something so like, 
though no doubt different from, sensibility, has been to 
me most interesting. The flowers of Orchids, in their 
strange and endless diversity of shape, may be com- 

* Quoted l>y Irmisoli, ‘Beitriigo Mr. Bateman also says that C. 
ziir Biologic der Orcliideen,’ 1853, ujvrUmiumm has been known to 
p.22. produce in Guatemala and once 

* t Lintlley’s ‘Vegetable King- in England escapes of u purple- 

dora/ 18f)3, p. 177. He has also ilowered and widely different spe- 

publisbed in the * Botanical ltegis- cies of Cycnoches ; but that it 
ler/ fob 1951, a case of two forms gen or illy produces in England 

^appearing on tjie same scape of scapes of the common yellow C. 

anotliOr species of pycnoches. veniri cosum. 
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pared* with the great vertebrate class of Fish, or still 
more appropriately with tropical Homopterous bisects, 
which iippear to us as if they had been modelled 
in the wildest caprice, but this no doubt is due to 
our ignorance of their requirements and conditions 
of life. 
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CHAPTER VIII. 

CYPRIPEDEJE — HOMOLOGIES OF THE FLOWERS OF 
f ORCHIDS. 

Cypripedium, differs much from nil other Orchids— Label lum in the 
form of ft slipper with two small orifices by which insects can escape 
— Manner of fertilisation bv small bees of the genus Androna — 

, Homological nature of the several parts of the flowers of the Orehidea* 
— Wonderful amount of modification which they have undergone. 

We have now arrived at Lindley’s last and seventh 
tribe, including, according to most botanists, only a 
single genus, Cypripedium, which differs from all 
other Orchids far more than any other two of these 
do from one another. An enormous amount of ex- 
tinction must have swept away a multitude of inter- 
mediate forms, and has left this single genus, now 
widely distributed, as a record of a former and more 
simple state of the great Orchidean Order. Cypripe- 
dium possesses no rostcllnm ; fqr all three stigmas 
are fully developed, though confluent. The single 
anther, which is present in ajl other Orchids, is here 
rudimentary, and is represented by a singular shield- 
Ifice projecting body,, deeply notched or hollowed out 
on its low dr margin. There are two fertile anthers 
which belong to an inner whorl, represented in ordinary 
Orchids by various rudiments. The grains of* pollen 
are not united together by threes or fours, ,as in so 
many other genera, nor are they tied together by 
, elastic threads, nor furnished with a caudicle, nor 
cemented into waxy masses. The labellum is of 
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large size, and is a compound organ as in all, other 
Orchids. 

The Allowing remarks apply only to the six species 
which I have examined, namely, C. barhatum , imrpu- 
ratum , imigne , venustum , imbescens and acaule ; though 
I have casually looked at some other kinds. The 
basal part of the labellum is folded round the short 


Fig. 35. 



CVIMUPKDIUM. 


«/. anther. 

a', rudimentary, sh i eld-1 ike^inther. j 
s. stigma. | 

(. labellum. ! 

A. Flower viewed from above, wjjh i 
the sepals and petals, excepting j 
the labellum, partly cut off. j 
The labellum has been slightly j 
depressed, so that the dorsal | 


surface of the stigma is ex- 
posed ; the edges of the fabel- 
luiiP have thus become a little 
separated and the toe or ex- 
tremity stands lower than is 
natural. 

11. Side view of column, with |ll 
Ijie sepals and petals removed. 


column, so that its edges nearly meet along the dorsal 
surfacd; and the broad extremity is folded ov6r in*a 
peculiar* manner, forming a sort of shoe, which close? 
up the end o£ the flower. Hence arises the English 
name of ^adies’-slipper. The overarching^edges of the 
labellum are inflected or sometimes only smooth and 

Q*2 
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polished internally ; and this is of much importance, 
as it prevents insects which have once entered the 
labellum from escaping through the great opfining in 
the upper surface. In the position in which the flower 
grows, as here represented, the dorsal surface of the 
column is uppermost. The stigmatic surface is slightly 
protuberant, and is not adhesive; it stands nearly 
parallel to the lower surface of the labellum. With a 
flower in its natural state, the margin of the dorsal 
surface of the stigma can be barely distinguished be- 
tween the edges of the labellum and through the 
notch in the rudimentary, shield-like anther (a) ; but 
.n the drawing (s, fig. A) the margin of the stigma has 
been brought outside the edges of the depressed la- 
bellmn, and the toe is a little bent downwards, so that 
the flower is represented as rather more open than it 
really is. The edges of the pollen -masses of the two 
lateral anthers (a) can be seen through the two small 
□rifices or open space's in the labellum (fig. A) on 
each side, close to the column. Those two orifices are 
essential for the fertilisation of the flower. 

The grains of pollen are coated by and immersed in 
viscid fluid, which is so glutinous that it can be, drawn 
out^nto short threads. As the two anthers stand be- 
hind and above the low er convex surface (see fig. B) of 
the stigma, it is impossible that the glutinous pollen 
c*p without some mechanical aid get on to this, the 
efficient surface of the stigma. The economy here 
shown by Nature in her manner of gaining the same 
end fc surprising. In all the other Orchids seen by 
pie, the stigma is viscid and more or less concave, by 
which means the dry pollen, transported by means of 
the viscid matter secreted by the c rostellpm or modified 
stigipa, is retained. In Cypripedium thej* pollen is 
_ glutinous, and asrfhmes the function of viscidity, which 
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in all other Orchids except Vanilla belongs exclusively 
to the rostellum and the two confluent stigmas. These 
latter ofgans, on the other hand, in Cypripedium en- 
tirely lose their viscidity, and at the same time become 
slightly convex, so as more effectually to rub off the 
glutinous pollen adhering to the body of an insect. 
Moreover in several of the North American species, 
# as in C. acaule and pubescens, the surface of the stigma 
is beset, as Professor Asa Gray remarks, * “ with 
minute, rigid, sharp-pointed papilla*, all directed for- 
wards, which are excellently adapted to brush off the 
pollen from an insect’s head or back.” There is one 
partial exception to the above rule of the pollen of 
Cypripedium being viscid while the stigma is not 
viscid and is not convex ; for in C. aeavie the pollen 
is more granular and less viscid, according to Asa 
Gray, than in the other American species, and in 
C. acaule alone the stigma is slightly concave and 
viscid. So that here the exception almost proves the 
truth of the general rule. 

I have never been able to detect nectar within the 
labellum, and Kurr t makes the same remark with 
respeot to C. calceolus . The inner surface of the la- 
bellum, however, ii* those specie^ which I examined, 
is clothed with hairs, the tips of which secrete little 
drops of slightly viscid* fluid. And these if sweet or 
nutritious would suffice to attract insects. The flyid 
when dried forms a brittle crust on the siynmits of the 
hairs. Whatever the attraction may be, it is certain 
that small bees frequently enter the labellum. 

FofmerJy I supposed that insects alighted* on the 
labellum and inserted their proboscides through either 


* * AmtTfi-aii .1 oumnl of Science/ t 4 Be^eutnng dcr NcHtaricn, 

vol. xxxiv. 18<S2, p. 428. 1833, p. 29. 
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of the orifices close to the anthers ; for I found that 
when a bristle was thus inserted the glutinous pollen 
adhered to it, and could afterwards be left? on the 
stigma; but this latter part of the operation was not 
well effected. After the publication of my book 
Professor Asa Gray wrote tome * that he was convinced 
from an examination of several American species that 
the flowers were fertilised by small insects entering the 
labellum through the large opening on the upper sur- 
face, and crawling out by one of the two small orifices 
close to the anthers and stigma. Accordingly I first 
introduced some flies into the labellum of C. pubescent, 
through the largo upper opening, but they were either 
too large or too stupid, and did not crawl out properly. 
1 then caught and placed within the labellum a very 
small bee which seemed of about the right size, namely, 
Andrena parvula, and this by a strange chance proved, 
as we shall presently see, to belong to the genus on 
which in a state of nature the fertilisation of C. caleeo - 
Ins depends. The bee vainly endeavoured to crawl out 
again the same way by which it had entered, but always 
fell backwards, owing to the margins being inflected. 
The labellum thus acts like one of those conical traps 
with the edges turned inwards, which are sold to catch 
beetles and cockroaches in the London kitchens. It 
could not creep out through thfc slit between the folded 
eelges of the basal part of the labellum, as the elongated, 
triangular, rudimentary stamen here closes the passage. 
Ultimately it forced its way out through one of the 
small 0 orifices close to one of the anthers, and was 
fefind Vfrhen caught to be smeared with the gltftinous 
pollen. I then put the same boo back into tlfla label- 
lum ; find again it crawled out through ope of the small 

c 

* See also * Amcricau Journal of Science/ vol. xxxiv. 18G2, p. 427. 
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orifices, always covered .with pollen. I repeated the 
operation five times, always with the same result. I 
afterwaitls cut away the labellum, so as to examine the 
stigma, and found its whole surface covered with pollen. 
It should be noticed that an insect in making its escape 
must first brush past the stigma and afterwards one of 
the anthers, so that it cannot leave pollen on the 
itigma, until being already smeared with pollen from 
one flower it enters another ; and thus there will be a 
good chance of cross-fertilisation between two distinct 
plants. Delpino* with much sagacity foresaw that 
some insect would be discovered to act in this manner ; 
for he argued that if an insect were to insert its pro- 
boscis, as 1 had supposed, from the outside through 
one of the small orifices close to one of the anthers, the 
stigma would be liable to be fertilised by the plant’s 
own pollen : and in this he did not believe, from 
having confidence in what I have often insisted on — 
namely, that all the contrivances for fertilisation are 
arranged so that the stigma shall receive pollen from 
a distinct flower or plant. But these speculations are 
now all superfluous; for, owing to the admirable ob- 
servations of Dr. H. Muller, | we know that Cypri ’- 
pedium calceolus in a state of nature is fertilised ifl the 
manner just described by bees belonging to five species 
of Andrena. 

Thus the use of all the parts of the flower, — namely, 
the inflected edges, or the polished inner sides of the 
labellum, — the two orifices and their position close to 
the anthers and stigma, — the large size of the medial 
rudimentary stamen, — are rendered intelligible. 

« 

* 4 Fecondazione nelle* Pianto xxv. III. Folge, v. Bd. p. 1 : see 
Antocarpc*/ 1807, p. 20. also ‘ iiefrucktung der Bliuneik’ 

t ‘Verb! d. Nat. Yer. fur Pr. 1873, p. 76. 

Bheinlaud und Westfal.’ Jahrg. 
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insect which enters the labellum is thus compelled to 
crawl out by one of the two narrow passages, on the 
sides of which the pollen-masses and stigma arft placed. 
We have seen that exactly the same end is gained in 
the case of Coryanthes by the labellum being hall- 
filled with secreted fluid ; and in the case of Pterostylis 
and some other Australian Orchids by the labellum 
being irritable, so that when touched by an entering 
insect it shuts up the flower, with the exception of a 
single narrow passage.* 


Homological Nature of the several Parts of the Flowers of 
the Orchideee. 

The theoretical structure of few flowers has been so 
largely discussed as that of the Orchidese ; nor is this 
surprising, seeing how unlike they are to common 
flowers ; and here will be a convenient place for con- 
sidering this subject. No group of organic beings can 
be well understood until their homologies are made 
out; that is, until the general pattern, or, as it has 
often been called, the ideal type, of the several mem- 
bers of the group is intelligible. No one member 
may*now exist exhibiting, the full pattern ; but this 
does not make the subject less important to the natu- 
ralist, — probably makes it more important for the 
fujl understanding of the group. 

The homologies of any being, or group of beings, 

* Sehnipedium palmifolium is the fish-pot system, i. e. a fimncl- 
1 one of the Oypripedeae, and shaped opening conducts into it, 
awording l, to Dr. Crtiger (‘ Joura. and insects find it difficult to 
Linn. 8oc. Bot.’ vol. viii. J 864, p. escape through the safnc. The 
134) bears very fragrant flowers, only other opening near the base 
which “in all probability are of the^labellum is partly closed 
always impregnated by insects, by the sexual apparatus, and the 
The lafiellum ip, ‘like sepe Aris- insect has to force ils way out 
Jolochia-flowers, constructed after there/’ 
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can be most surely made out by tracing their embryo- 
logical development when that is possible ; or by the 
discovery of organs in a rudimentary condition ; or by 
tracing, through a long series of beings, a close gradation 
from one part to another, until the two parts or organs, 
though employed for widely different functions and 
most unlike each other, can be joined by a succession 
of short links. No instance is known of a close gradation 
between two organs, unless they are homologically one 
and the same organ.' 

The importance of the science of Homology rests on 
its giving us the key -mote of the possible amount, of 
difference in plan within any group ; it allows us to 
class under proper heads the most diversified organs ; 
it shows us gradations which would otherwise have 
been overlooked, and thus aids us in classification ; it 
explains many monstrosities ; it leads to the detection 
of obscure and hidden parts, or mere vestiges of parts, 
and shows us the meaning of rudiments. Besides 
these uses, Homology clears away the mist from such 
terms as the scheme of nature, ideal types, archetypal 
patterns or ideas, &c. ; for these terms come to express 
real facts. The naturalist, thus guided, sees that all 
homologous parts or organs* however much they may 
be diversified, are modifications of one and the same 
ancestral organ; in tracing existing gradations he 
gains a clue in tracing, as far as that is possible, £he 
probable course of modification "through ijhich beings 
have passed during a long line of generations. He 
may feel assured that, whether he follows eifibryo-, 
logiedi development, or searches for the merest riffli- 
ment, efr traces gradations between the most different 
beings, he is # pursuyig the same object by different 
routes, a%d is tending towards the knowledge the 
actual progenitor of the group, as* it once grew and 
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lived. # Thus the subject of Homology gains largely 
in interest. 

Although this subject, under whatever aspect it be 
viewed, will always be most interesting to the student 
of nature, it is very doubtful whether the following 
details on the homological nature of the flowers of 
Orchids will possess any interest for the general reader. 
If, indeed, he cares to see how much light an acquaint- 
ance with homology, though far from perfect, throws 
on a subject, this will, perhaps, be nearly as good an 
instance as could be given. He will see how curiously 
a flower may bo moulded out of many separate organs, 
— how perfect the cohesion of primordially distinct 
parts may become, — how organs may be used for pur- 
poses widely different from their proper uses, — how 
other organs may be entirely suppressed, or leave mere 
useless emblems of their former existence. Finally, 
he will see how enormous has been the amount of 
change which these flowers have undergone from their 
parental or typical form. 

Robert Brown first clearly discussed the homologies 
of Orchids,* and left, as might be expected, little to 
be done. Guided by the general structure of mono- 
cotyledonous plants and- by various considerations, 
he propounded the doctrine that the flower properly 
consists of three sepals, threes petals, six anthers in 
tv;o whorls or circles (of which only one anther belong- 
ing to the puter whorl is perfect in all the common 
forms), and of three pistils, with one of then, modified 
into the rostellum. These fifteen organs are arranged 
as ‘usual, alternately, three within three, in five \Vhorls. 
Of the existence of three of the anthers irf 1 two of 

* * I believe his latest views ave the * Litmean transitions,’ vol. 
given ftn his colabrated roper. read xvi. p. 085. 1 

cKov. 1-15, 1831, and published in 
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the whorls, E. Brown offers no sufficient evidence, but 
believes “that they are combined with the labellum, 
whenever that organ presents crests or ridges. In 
these views Brown is followed by Bindley.* 

Brown traced the spiral vessels in the flower by 
making transverse sections, f and only occasionally, a< 
Jar as it appears, by longitudinal sections. As spiral 
vessels are developed at a very early period of growth, 
and this circumstance always gives much value to a 
part in making out homologies ; and as they are ap- 
parently of high functional importance, though their 
function is not well known, it appeared to me, guided 
also by the advice of Dr. Hooker, to bo worth while to 
trace upwards all the spiral vessels from the six groups 
surrounding the ovarium. Of the six ovarian groups 
of vessels, I will call (though not correctly) that under 
the labellum the anterior group; that under the 
upper sepal the posterior group ; and the two groups 
on the two sides of the ovarium the antero-lateral and 
postero-lateral groups. 

The result of my dissections is given in the following 
diagram (fig. 36). The fifteen little circles represent 

• 

* Professor Asa Gray ^ms de- 4he union of one petal with two 
scribed in the ‘ American Journal petaloid stamens, 
of Science,’ July 180(5, a monstrous f 4 Linn. Transact.' vol. xvi. p. 
flower of Cypripedium candid+tn , 600-701. Link in his 4 Berner- 

and remarks on it, “ here we have kungen iiber der Bail der Orchi- 
(and perhaps the iirst direct) deen’( 4 BotanischeZcitung,*18t9, 
demonstration that the orchideous p. 745) seems to have also trusted 
type of flower hns two staminal to transverse sections. Had he 
verticils, as Brown always in- traced the vessels upwards I can- 
sibted.” Dr. Criiger also advances not believe that he would have 
evident^ ( 4 Joum. Linn. Soc. disputed Brown’s view of the 
Bot.’ vol. viii. 1861, p. 132) in nature of the two anthers ft! 
favour oft the presence of five Cypripedium. Brongniart in his 
whorls of organs; but he denies admirable paper (‘ Annales des 
that the homologjes of tht* parts Sciences Nat.’ tom. xxiv, 1831 ) 
can be dedflbed m>m the course of incidentally shows the course oft 
the vossels, and ho does not admit some of the spiral vessels. • 
that the labellum is formed by 
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iabeHum ; and seven run. up tlie great central column. 
These vessels are arranged, as may be seen, in rays 
proceeding from the axis of the flower ; and all on the 
same ray invariably run into the same ovarian group ; 
thus the vessels supplying the upper sepal, the fertile 
anther (A,), and the upper pistil or stigma (i. e. the 
rostellum 8 r ), all unite and form the posterior ovarian 
"group. Again, the vessels supplying, for instance, the 
left lower sepals, the corner of the labcllum and one 
of the two stigmas (S) on the same side, unite and form 
the antero-lateral group; and so with all the other 
vessels. 

Hence, if the existence of groups of spiral vessels 
can be trusted, the flower of an Orchid certainly 
consists of fifteen organs, in a much modified and 
confluent condition. We see three stigmas, with the 
two lower ones generally confluent, and with the upper 
one modified into the rostellum. We see six stamens, 
arranged in two whorls, with generally one alone (AJ 
fertile. In Cypripedium, however, two stamens of 
the inner whorl (a 1 and a 2 ) are fertile, and in other 
Orchids these two are represented more plainly in 
various ways than the remaining stamens. The third 
stamen of the inner whorl j (a ;l ), when its vessels* can 
bo traced, forms the front of the column : Brown 
thought that it often, formed a medial excrescence, 
or ridge, cohering to the labellum ; or, in the case ^>f 
Glossodia,* a filamentous organ, freely projecting m 
front of the labellum. The former conclusion does 
not agree with my dissections; about Glossodia I 
know fiothing. The two infertile stamens of the ou*qj 
whorl (tl.„ A 3 ) were believed by Brown to be only 
occasionally represented, and then by lateral excre- 

* See Brown’s observations ‘Plant® ^eiuticac f ariorcs/t 1830, 
under Apostasia in Wallich’s p. 74. 
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scences on the labellum ; but. I find the corresponding 
vessels invariably present in the labellum of every 
Orchid examined, — even when the labellum* is very 
narrow or quite simple, as in Malaxis, Herminiura, 
or Habenaria. 

Wo thus see that an Orchid-flower consists of five 
simple parts, namely, three sepals and two petals ; 
and of two compounded parts, namely, the column and' 
labellum. The column is formed of three pistils, and 
generally of four stamens, all completely confluent. 
The labellum is formed of one petal with two petuloid 
stamens of the outer whorl, likewise completely con- 
fluent. I may remark, as making this fact more 
probable, that in the allied Marantaceae the stamens, 
even the fertile stamens, are often petaloid, and 
partially cohere. This view of the nature of the label- 
lum explains its large size, its frequently tripartite 
form, and especially the manner of its coherence to the 
cohimn, unlike that of the other petals.* As rudi- 
mentary organs vary much, we can thus perhaps 
understand the variability, which as Dr. Hooker informs 
me is characteristic of the excrescences on the labellum. 
In some Orchids which have a spur-like nectary, the 
two 'sides are apparently fprmed by the two modified 
stamens ; thus in t lymnadenia conopsea (but not in 
Orchis pyranudalis), the vessels, proceeding from the 
two antero-lateral ovarian groups, run down the sides 
of the nectary ; those .from the single anterior group 
run down the exact middle of the nectary, then 
returning up the opposite side form the mid-rib of the 
labellum. The sides of the nectary being thus formed of 
two distinct organs, apparently explains the tendency, 


* Sink reinprlts on tVe manner the column in liis “Bemerknngen” 

•of coherence of the labellum to in 1 Hot. Zeitung,’ 1849, p. 745. 
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as in'Calantlie, Orchis morio, &c., to the bifurcation of 
its extremity. 

The ftumber, position, and course of all the spiral 
vessels exhibited in the diagram (fig. 30) wore observed 
in some Yandeoe and Epidendrete.* In the Malaxeae 


* It mny bo ailvisablo to give a 
few (lotulls on the flowers which 
'*1 dissected ; but I looked to special 
points, such as the course of the 
vessels in the labellum, in many 
cases not worth here giving. In 
the Vandese I traced all the ves- 
sels in Gata*d.nm tridentatnm and 
mrcatum ; the grout group of 
vessels going to the rostellum 
separate (as likewise in Mor modes) 
from the posterior ovarian group, 
beneath the bifurcation supplying 
the upper sepal and fertile anther ; 
the anterior ovarian group runs 
a little way along the labellum 
before it bifurcates and sends a 
group (a 3 ) up the front of the, 
column; the vessels proceeding 
from thepostero-lateral group run 
up the buck of the column, on 
ouch side of those running to the 
fertile anther, and do not go to 
the edges of the cl inundrum. In 
Aernperu lutmla the base of the 
column, where the labellum is 
attached, is much produced, and 
the vessels of the whole ^interior 
ovarian group aro similarly pro- 
duced; those (a 3 ) going up the 
front of the column are abrujdly 
reflected back ; the vessels at tho 
point of reflexion are curiously 
hardened, flattened, ami produced 
into odd crests and points. In 
an Oncidium I traced the vessels 
S,. to the viscid gland of the polli- 
liiujn. Among the Epideudrero 1 
traced eft I the vessels in a Cattleya ; 
and all in tErelyna carivatu except 


believe is present. In MalaxU 
paludosa I traced nearly all the 


a 3 , w'liich I dul not search for. In 
the M alaxt t» I traced all in hipar is 
penilula extapt at which l do net 


vessels. In Cypriprdium harhaium 
and pupnralum I traced all except 
ff 3 , which I am nearly sure does 
not exist In the Neottesu I traced 
in G'phalanthera (jrandi flora. all 
the vessels, excepting that to the 
aborted rostellum and those to 
the two auricles a x and a s , which 
were certainly absent. In Epi- 
padu I traced all excepting a^ 
and « 3 , which are certainly absent. 
In Spirauthes autumnalis the 
vessel S r runs to the bottom of 
the fork of tho rostellum : there 
are no vessels to the membranes 
of the din an drum in this Orchid 
nor in Goodyera. In none of the 
Ophrero do the vessels a 2 , and 
a 3 occur. In (Mil h pyramid ali# 

I traced all the others, including 
two to tho two separate stigmas : 
in this species the contrast between 
the vessels of the labellum and 
of tho other sepals and petals is 
striking, us in the latter tho ves- 
sels do not branch, whilst the 
labellum has three vessels, the 
•lateral Qiies miming of course into 
the antero-lateral ovarian group. 
In Gymnadmia conopsca I traced 
ull the vessels ; but 1 am not sure 
whether the vessels supplying the 
tide* of the upper sepal do not^as 
in tho allied JlaJjenar'a, wander 
from their proper 'course and enter 
the posterodateml ovarian croup ; 
the vessel S r , goiug to thef rostel- 
lum, enters the little foiled crcst 
of membrane, which projects be- 
tween the bases of the anther-cells. 
Lastly, in Jhihenaria chlorantha I 
traced all tho vessels, (j?>cepting 
oh in tlie other Oplireae the three 1 
of the in mu- stamiiail whorl, ’and I 
looked carefully for a^: the vessel’ 
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all were observed excepting. a s , which is the most 
difficult one to trace, and apparently is oftenest absent. 
In the Cypripedeai, ugain, all were traced except a 3 * 
which, I feel pretty sure, was here really absent : in 
this tribe the stamen (Ai) is represented by a con- 
spicuous shicld-like rudiment, and a } and a., are 
developed into two fertile anthers. In the Ophrea* 
and Neotteas all were traced, with the important' 
exception of the vessels belonging to the three stamens 
(a lf a.,, and «*) of the inner whorl. In Cephalanthera 
grandijlora, I clearly saw a ; , proceeding from the 
anterior ovarian group, and running up the front of 
the column. This anomalous Orchid has no rostellum, 
and the vessel marked S r in the diagram was entirely 
absent, though seen in every other species. 

Although the two anthers (a, and a u ) of the inner 
whorl are not fully and normally developed in any 
Orchid, excepting Cypripedium, their rudiments are 
generally present and are often utilised; for they often 
form the membranous sides of the cup-like elinandrum 
on the summit of the column, which includes and pro- 
tects the pollen-masses. These rudiments thus aid 
their fertile brother-anther. In the young flower-bud 


supplying the forlilo anther runs 
up the connective membra no be- 
tween the two anther-cells, but 
doc 9 not bifurcate : the vessel to 
the rostellum runs up to the top 
of the shouldoi c or letlgo beneath 
the connective membrane of the 
anther, dmt £oes not bifurcate ami 
extend to the two widely-separated 
vheid dit$s. 

* From Irmisoh’s (‘ Beitr'age 
zur Biologic der Orchideen/ 1853, 
pp. 78 and 42 ) description of the 
development of the flower-bud of 
Cyprif odium, ij Would anpenr that 
Jthcre is a tendency to the forma- 


tion of a free filament in front of 
th^ hthellum, as in the case of 
Glossodia before mentioned ; and 
this will perhaps account for the 
absence of spiral vessels, proceed- 
ing from tliu anterior ovarian 
group and coalescing with the 
column. In Uropedium, a genus 
which A. Brongniart CAnnal. 
des. Sc. Nat./ 3rd series, Hot. tom. 
xiii. p. 1 H) considers cicely allied 
to, and even perhaps a monstro- 
sity of, Cypripedium, a third fer- 
tile anther odupiesV this same 
position. * 
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of Mdlyxis paludosa , the close resemblance between the 
two membranes of the clinandrum and the ’fertile 
anther, in shape, texture, and in the height to which 
the spiral vessels extended, was most striking : it was 
impossible to doubt that in these two membranes we 
had two rudimentary anthers. In Evelyna, one of the 
Epidendreie, the clinandrum was similarly formed, as 
•were the horns of the clinandrum in Masdevallia, which 
serve in addition to keep the labellum at the proper 
distance from the column. In Liparis pendula and 
some other species, these two rudimentary anthers form 
not only the clinandrum, but likewise wings, which 
project ou each side of the entrance into the stigmatic 
cavity, and serve as guides for the insertion of the 
pollen-masses. In Acropera and Stanhopea, as far as 
I could make out, the membranous borders of the 
column, down to its base, were also thus formed ; but 
in other cases, as in Cattleya, the wing-like borders of 
the column seem to be simple developments of the two 
pistils. In this latter genus, as well as in Catasetum, 
these same two rudimentary stamens, judging from the 
position of the vessels, serve chiefly to strengthen 
the back of the column; and the strengthening of the 
front of the column. is the fjple function of the fhird 
stamen of the inner whorl (a 3 ), in those cases in 
which it was observed^ This third stamen runs up 
the middle of the column to the lower edge, or ljj>, 
of the stigmatic cavity. 

I have said that in the Ophre* and Neottea* the 
spiral vessels of the inner whorl, marked afi a , £ f a 3 in 
the diagram, are entirely absent, and I looked car%». 
fully fo» them ; but in nearly all the members of these 
two tribes, two small jDapilta, or auricles as they^ have 
been oftc^i called, stand in exactly the position which* 
the two first of these three anthers wo\ild ha\fe occupied, 

1 *11 
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had they been developed. Not only do they stand in 
this position, but the column in some castw, as in 
Cephalanthera, has on each side a prominent ridge, 
running from them to the bases or mid-ribs of the two 
upper petals ; that is, in the proper position of the 
filaments of these two stamens. It is, again, impossible 
to doubt that the two membranes of the clinandruin 
in Mai ax is are formed by these two anthers in a 
rudimentary and modified condition. Now, from the 
perfect clinandruin of Malaxis, through that of Spi- 
ranthes, Goodyera, Epijmctis lalifolia , and K palmtris 
(see fig. 1G, p. 101, and fig. 15, p. 94), to the minute 
and slightly flattened auricles in the genus Orchis, a 
perfect gradation can be traced. lienee I conclude that 
these auricles are doubly rudimentary ; that, is they 
are rudiments of the membranous sides of the clinan- 
drum, these membranes themselves being rudiments of 
the two anthers so often referred to. The absence of 
spiral vessels running to the auricles is by no mean it 
sufficient to overthrow the views here advocated as to 
the much disputed nature of these structures; that, 
such vessels may quite disappear, we have proof in 
Cephalanthera gmndijlom , in which the rostellu,m and 
its vessels are completcly ; aborted. 

Finally, then, with respect to the six stamens which 
ought to be represented in every Orchid: the three 
belonging to the outer whorl are always present, the 
upper one |)eing fertile (except in Cypripedium), and 
the two lower ones invariably petaloid and forming 
part Of the labellum. The three stamens of the inner 
.whorl are less plainly developed, especially ’the lower ' 
one, a 3 , which, vriien it^oan be detected, serves only to 
strengthen the column, and, in some rare cases, accord- 
ing IJrown, forms a separate projection orlnlament; 

. the two upper anthers of this inner whorl arc fertile 
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in Cypripedium, and ill other eases are generally 
represented either by membranous expansions, or by 
minute auricles without spiral vessels. These auricles, 
however, are sometimes quite absent, as in some species 
of Ophrys. 

On this view of the homologies of Orchid-flowers, 
# we can understand the existence of the conspicuous 
ccntnal column, — the large size, generally tripartite 
form, and peculiar manner of attachment of the la- 
bellum, — the origin of the cl humdrum, — the relative 
position of the single fertile anther in most of the 
genera, and of the two fertile anthers in Cypripedium, 
— the position of the rostellum, as well as of all the 
other organs, — and lastly, the frequent occurrence of a 
bilobed stigma, and the occasional occurrence of two 
distinct stigmas. I have encountered only one case of 
difficulty, namely in JIabcnaria and the allied genus, 
Bonatca. These flowers have undergone such an 
extraordinary amount of distortion, owing to the wide 
separation of their anther-cells and of the two viscid 
discs of the rostellum, that any anomaly in them is 
the less surprising. The anomaly relates only to the 
vessels' supplying the sides of the upper sepal •and 
of the two upper p6ta1s; fot the vessels running into 
their midribs and into all the other more important 
organs pursue the same identical course as in the other 
Ophreai. The vessels which supply the sides of the 
upper sepal, instead of uniting* with the •midrib and 
(Altering the posterior ovarian group, diverge and en ter 
, the postero-lateral groups. Again, the vessels on the 
anterior side of the two upper petals, instead of uniting 
with those of the midrib and entering the postero- 
lateral ojpriaji groups, diverge, or wander from* their # 
proper coarse, and enter the an ter o-biterarg roups.# 

This anomaly is so far of importance, as it throws' 
% if 2 
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some doubt on the view that the labellum is 'always 
an organ compounded of one petal and two*petaloid 
stamens ; for if any one were to assume that from some 
unknown cause the lateral vessels of the lower petals 
had diverged in an early progenitor of the Orchidean 
order from their proper course into the antero-lateral 
ovarian groups, and that this structure had been in- 
herited by all existing Orchids, even by those with the 
smallest and simplest labellums, I could answer only 
as follows ; but the answer is, I think, satisfactory. 
From the analogy of other monocotyledonous plants, 
we might expect the hidden presence of fifteen organs 
in the flowers of the Orchidea?, arranged alternately 
in five whorls; and in these flowers wc find fifteen 
groups of vessels exactly thus arranged. Hence tlicio 
is a strong probability that the vessels, A 2 and A 3 , 
which enter the sides of the labellum, not in one or 
two oases, but in all the Orchids seen by me, and which 
occupy the precise position which they would have 
occupied had they supplied two normal stamens, do 
really represent modified and petaloid stamens, and 
are not lateral vessels of the labellum which have 
waiylered from their proper course. In Habenaria and 
Bonatea,* on the .other diand, the vessels proceeding 


* In Bonn fra Kjnr ioxu. of which 
I have examined only dry speci- 
lifcns sent me by Dr. Hooker, the 
vessels from bides of the Vipper 
sepal enter the ]>ostero-]ateral 
ovarian group, exactly as in 
Haberljiria? The two upper petals 
arc divided down to their bases, 
‘and the vessels supplying the 
anterior segment and those supply- 
ing 1 the anterior portion of the 
posterior segment unite and then 
run, f as in liobenaria, into the 
antero-latera? (and - therefore 
wrong; group. Tho anterior seg- 


ments of the two upper petals 
cohere with the labellum, causing 
it to have five segments, which is 
a most unusual fact. The two 
wonderfully protuberant stigmoB 
also cohere to the upper surface of 
the labellum ; and the lower sepals 
apparently also cohere to, its under 
side. Consequently a section of 
the base of the labellom divides 
one lower petal, two petaloid 
anthers, portions of the two upper 
petals, and apparently of the two 
lower sepals and the two stigmas : 
altogether the sect on passes 
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from t])e sides of the upper sepal and of the two upper 
petals, which enter the wrong ovarian groups, cannot 
possibly'represent any lost but once distinct organs. 

We have now finished with the general homologies 
of the flowers of Orchids. It is interesting to look at 
one of the magnificent exotic species, or, indeed, at 
one of our humblest forms, and observe how profoundly 
it h^s been modified, as compare^ with all ordinary 
flowers,— with its great labellum, formed of one petal 
and two petaloid stamens, — with its singular pollen- 
masses, hereafter to be referred to, — with its column 
formed of seven cohering organs, of which three alone 
perform their proper function, namely, one anther and 
two generally confluent stigmas, — with the third stigma 
modified into the rostellum and incapable of being 
fertilised, — and with three of the anthers no longer 
functionally active, but serving either to protect the 
pollen of the fertile anther, or to strengthen the column, 
or existing as mere rudiments, or entirely suppressed. 
What an amount of modification, cohesion, abortion, 
and change of function do we here see ! Yet hidden 
in that column, with its surrounding petals and sepals, 
we know that there are fifteen groups of vessels, 
arranged three within three, in alternate order, which 
probably have been preserved to the present time from 
being developed at a .very early period of growth, 
before the shape or existence of any part of the flower 
is of importance for the well-being of the plant. 

Can we feel satisfied by saying that each Orchid was 
created, exactly as we now see it, on a certain * ideal 
type that the omnipotent Creator, having fixed qg 
one plah for the whole Order, did not depart from this 

through tfie wh4U of or t&rongh is here as complex an organ as the 
portions of either seven or nine column of other OjchxLj. 
organs. The base of the labellum 
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plan ; that he, therefore, made the same organ fo per- 
form 'diverse functions— often of trifling importance 
compared with their proper function — converted other 
organs into mere purposeless rudiments, and arranged 
all as if they had to stand separate, and then made 
them cohere ? Is it not a more simple and intelligible 
view that all the Orchidcc'e owe what they have in 
common, to descent from some monocotyled^nous’ 
plant, which, like .so many other plants of the same 
class, possessed fifteen organs, arranged alternately 
three within three in five whorls ; and that the now 
wonderfully changed structure of the flower is due to 
a long course of slow modification, — each modification 
having* been preserved which was useful to the plant, 
during the incessant changes to which the organic 
and inorganic world has been exposed ? 
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CHAPTER IX. 

GRADATION OF ORGANS, Ac. — CONCLUDING REMARKS. 

• 

Gradation of organs, of tlio rostellum, of the pollen -musses — Formation 
of tho oaudiclo— (genealogical affinities-- Keen tion of nectar — 
Mechanism of the* movement of tin* pollinia — Tses of tho petals — 
Production of seed — Importance of trifling details of structure — 
Cause of the grout diversity of structure in tho flowers of Orchids 
—Cause of the perfection of the contrivances — Summary on insect- 
agency — Nature ahliors perpetual self-fertilisation. 

This chapter will be devoted to the consideration of 
several miscellaneous subjects which could not well 
have been introduced ?V:cwhcre. 

On the gradation of certain Organs . — The rostcllum, 
the poll ini a, tlie labellum, and, in a lesser degree, 
the column, are the most remarkable points in the 
structure of Orchids. The formation of the column 
and bibelluin, by the confluence and partial abortion of 
several organs, ha^ been discussed in the last clfapter. 
With respect to tho rostellum, no such organ exists 
in any other group o£ plants. If the homologies of 
Orchids had not been pretty well made out, those 
who believe in the separate erection of each organism 
might have advanced this as an excellent instance of 
a perfectly new organ having been specially «reated, ' 
and •which could not have been developed, by suc- 
cessive slow modifications of any pre-existing part# 
But, as liobert Brown long ago remarked, it is not a 
new or^an . 0 It is impossible to look at £he two groups 
of spiral vessels (fig. 36) running from*tlie bases of # 
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the midribs of the two lower- sepals to the twtf lower 
stigmas, which are sometimes quite distinct, and then 
to look at the third group of vessels running from the 
base of the mid-rib of the upper sepal to the rostellum, 
which occupies the exact position of a third stigma, 
and doubt its homological nature. There is every 
reason to believe that the whole of this upper stigma, 
and not merely a part, has been converted into* the 
rostellum ; for there are plenty of cases of two stigmas, 
but not one of three stigmatic surfaces being present 
in those Orchids which have a rostellum. On the 
other hand, in Oypripedium and Apostasia (the latter 
ranked by Brown in the Orchidcan order), which are 
destitute of a rostellum, the stigmatic surface is trifid. 

As we know only those plants which are now living, 
it is impossible to follow all the gradations by which 
the upper stigma has been converted into the rostellum ; 
but let us see what are the indications of such a change 
having been effected. With respect to function the 
change lias not been so great as it at first appears. 
The function of the rostellum is to secrete viscid matter, 
and it has lost the capacity of being penetrated by 
the pollen-tubes. The stigmas of Orchids, as well as 
of most other plants^, secrete viscid •matter, the use of 
which is to retain the pollen when brought to them by 
any means, and to excite the ( growth of the pollen- 
tildes. Now if we look to one of the simplest rostel- 
lums, — for instance, to.frhtit of Cattleya or Epidendrum, 
— we find a thick layer of viscid matter, not distinctly 
.separated from the viscid surface of the two confluent 
stigmas < its use is simply to affix the pollen-masSes to 
'd retreating insect, which are thus dragged out 1 of the 
anther jand transported to anothej; flower, where they 
ate retained by the almost equally viscid stigmatic 
• surface. So'that the office of thp rostellum is still to 
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secure^ the pollen-masses, but indirectly by means of 
their attachment to an insect’s body. 

The viscid matter of the rostellum and of the 
stigma appear to have nearly the same nature ; that 
of the rostellum generally has the peculiar property of 
quickly drying or setting hard; that of the stigma, 

( when removed from the plant, apparently dries more 
quiqjdy than gum-water of aboqt equal density or 
tenacity. This tendency to dry is the more remarkable, 
as Gartner * found that drops of the stigmatic secre- 
tion from Nicotiana did not dry in two months. The 
viscid matter of the rostellum in many Orchids when 
exposed to the air changes colour with remarkable 
quickness, and becomes brownish-purple ; and I have 
noticed a similar but slower change of colour in the 
viscid secretion of the stigmas of some Orchids, as of 
Geplicdanthera grandiflora. When the viscid disc of an 
Orchis, as Bauer and Brown have observed, is placed 
in water, minute particles are expelled w’ith violence 
in a peculiar manner; and I have observed exactly 
the same fact in the layer of viscid matter covering 
the stigmatic utriculi in an unopened flower of Mor- 
motleS' igitea. 

In order to compare th£ minpte structure of the 
rostellum and stigma, I examined young flower-buds 
of Epidendrum cochleat%m and Jloribundum, which, when 
mature, have a simple rostellum. The posterior p^rts 
of both organs were quite 'similar. f JJhe whole of 
the rostellum at this early age consisted of a mass 
of nearly orbicular cells, containing sphere? of* brown, 
matter, which resolve themselves into the viscid fluid. 
The stigma was covered with a thinner layer of similar 
cells, a^d beneath them were the coherent spindle- 

* * Beitrage zur Kenn^iiaa der Befruohtung,’ 18U, p. 23G. 
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formed utriculi. These are believed to be connected 
with tlie penetration of the pollen-tubes ; an# their 
absence in the rostellum probably accounts 1 for its 
not being penetrated. If the structure of the ros- 
tellum and of the stigma is as here described, their 
only difference consists in the layer of* cells which 
secrete the viscid matter >being thicker in the ros- 
telhira than in the stigma, and in the utriculi haying 
disappeared from the former. There is therefore no 
great difficulty in believing that the upper stigma, 
whilst still in some degree fertile or capable of pene- 
tration by the pollen-tubes, might have gradui^y 
acquired the power of secreting a larger afnount 
viscid matter, Josi.ig at the same time its capacity for 
fertilisation; and that insects smeared with this viscid 
matter removed and transported the pollen-masses in 
a more and more effective manner to the stigmas of 
other flowers. In this c*»se an incipient rostellum 
would have been formed. 

In the several tribes, the rostellum presents a 
marvellous amount of diversity of structure ; but most 
of the differences cun be connected without very wide 
breaks. One of the most striking differences % that 
eitliet the whole anterior r surface «; to some depth, or 
only the internal parts become viscid ; and in this 
latter case the surface retains^ as in Orchis, a mem- 
branous condition. But these two states graduate 
into each other so clqsefy, that it is scarcely possible 
to draw any line of separation between them : thus, 
in Epipafrtis, the exterior surface undergoes a vast 
qjjange from its early cellular condition, for it becomes 
-converted into a highly elastic and tender membrane, 
which is in itself slightly viscid, and allows the under- 
lying viscid matter readily to exude ; yefrit acts as a 
jnembrane, tod its under surface is lined with much 
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viscid matter. In Ilabenaria chlorantha the 
extern v surface is highly viscid, but still closely re- 
sembled, under the microscope, the exterior membrane 
of Epipactis. Lastly, in some species of Oncidium, 
&c., the exterior surface, which is viscid, differs, as far 
as appearance under the microscope goes, from the 
underlying viscid layer only in colour ; but it must 
havjp some essential difference, fyr I find that, until 
this very thin exterior layer is disturbed, the under- 
lying matter remains viscid; but, after it has been 
disturbed, the underlying matter mpidly sets hard. 
The gradation in the state of the surface of the ros- 
telliuji is not surprising, for in all cases the surface is 
eelhilar in the bud; so that an early condition has 
only t< ” •(• retained more or less perfectly. 

The nature of the viscid mutter differs remarkably 
in different Orchids: in Listera it sets hard almost 
instantly, more quickly than plaster of Paris ; in 
Malax is and Angrmcum it remains fluid for se veral 
days ; but these two states pass into each other by 
> iany gradations. In an Oncidium I have observed 
the viscid matter to dry in a minute and a half; in 
some. species (if Orchis in two or three minutes; in 
Epipae' Is in ten •minutes^ in Gynmadenia in two 
hours ; and in Ilabenaria in over twenty-four hyurs. 
After the viscid mattej of Listera has set hard, neither 
water nor weak spirits of wine has any effect on it; 
whereas that of Ilabenaria difolia, after having been 
dried for several months, when moistened became as 
adhesive as ever it was. The viscid matter in some # 
speciss of Orchis, when remoistened, presented jyi 
intermediate condition. 

One ^of the most ^important differences in tho state 
of the rosteflum is, whether or not the pollinja are 
permanently attached^ to it. I do not alhide to thosp 

* 
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cases in which the upper surface of the rostellum is 
viscid, tvs in Mai axis and some Epidendrurnts, and 
simply adheres to the pollen-masses; for the&e cases 
present no difficulty. But I refer to the so-called con- 
genital attachment of the pollinia by their caudicles 
to the rostellum or viscid disc. It is not, however, 
strictly correct to speak of congenital attachment, for 
the pollinia are invariably free at an early period, ,and 
become attached either earlier or later in different 
Orchids. No actual gradation is at present known in 
the process of attachment; but it can be shown to 
depend on very simple conditions and changes. In 
the Epidendrem the pollinia consist of a ball of waxy 
pollen, with a long caudicle (formed of elastic threads 
with adherent pollen-grains), which never becomes 
spontaneously attached to the rostellum. In some of 
the Vund eie, as in Gynibidiun i giganteum , on the other 
hand, the caudicles are congenitally (in the above 
sense) attached to the pollen-masses, but their struc- 
ture is the same as in the Epidendreie, with the sole 
difference, that the extremities of the elastic threads 
adhere to, instead of merely lying on, the upper lip of 
the rostellum. 

In a form allied to Cymbidium,.. namely, Oncidiutn 
ungyiculatum, I studied the development of the cau- 
dicles. At an early period jtho pollen-masses are 
enclosed in membranous cases, which soot* rupture at 
one point. At this party period, a layer of rather 
large cells, including remarkably opaque matter, may 
be detected within the cleft of each pollen-mass. This 
iQlitter oan be traced as it gradually changes into a 
^translucent substance which forms the threads*'of the 
caudicles. As the change progresses, the cells them- 
sclve^ disappear. Finally the threads at v one*end ad- 
. here to the Vaxy pollen-masses, ( and at the other end 
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aftdS^protruding through a small opening in thp mem- 
branoifs case in a semi-dcveloped state, they adhere 
to the rostellum, against which the anther is pressed. 
So that the adhesion of the caudicle to the back of the 
rostellum seems to depend solely on the early rupturing 
of the anther-case, and on a slight protrusion of the 
caudioles, before they have become fully developed and 
hardened. * 

In all the Orchidea? a portion* of the rostellum is 
removed by insects when the pollinia are removed ; for 
the viscid matter, though conveniently spoken of as a 
secretion, is in fact part of the rostellum in a modified 
condition. But in those species which have their 
caudicles attached at an early period to the rostellum, 
a membranous or solid portion of its exterior surface in 
an unmodified condition is likewise removed. In the 
Vaiidem this portion is sometimes of considerable size 
(forming the disc and pedicel of the pollinium), and 
gives to their pollinia their remarkable character; but 
the differences in the shape and size of the removed 
portions of the rostellum can be finely graduated to- 
gether, even within the single tribe of the Tandem; 
and still more closely by commencing with the ly invite 
oval atom of membrane to which the caudicle of Orchis 
adheres, passing thence to that of Hahenaria hifolhi, to 
that of II , . chlorantha ,with its drum-like pedicel, and 
thence through many forms to the great disc find 
pedicel of Oatasetum. 

In all the cases in which a portion of the exterior • 
surface of the rostellum is removed togetlier with tho 
cautftcles of the pollen-masses, definite and often com- 
plicated lines of separation are formed, so as to allow 
of the^asy separation of the removed portions. But 
the formation of these lines of reparation dots not 
differ much from the process by which certain portioiffc 
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of the exterior surface of the rostellum assume p Con- 
dition intermediate between that of unaltered mem- 
brane and of viscid matter, which has been already 
alluded to. The actual separation of portions of the 
rostellum depends in many cases on the excitement 
from a touch; but how a touch thus acts is at present 
inexplicable. Such sensitiveness in the stigma to a 
touch (and the rostellum, as we know, is a modified 
stigma), and indeed in almost every other part, is by 
no means a rare quality in plants. 

In Listera and Neottea, if the rostellum is touched, 
even by a human hair, two points rupture and the 
loculi containing the viscid matter instantly expel it. 
Here we have a case towards which as yet no gradation 
is known. Hut I)r. Hooker has shown that the ros- 
tellum is at first cellular, and that the viscid matter 
is developed within the cells, as in other Orchids. 

The last difference which I will mention in the 
state of the rostellum of various Orchids is the exist- 
ence in many Oplireae of two widely-separated viscid 
discs, sometimes included in two separate pouches. 
Here it appears at first sight as if there w 7 ere two 
rostella; but there is never more than one medial 
group of spiral vessels. In the Vandeae we can see 
how a single viscid disc and a single pedicel might 
become divided into two ; for in some Stanhopeas the 
heijTt-shaped disc shows a trace of a tendency to divi- 
sion; and in Angrweenm we have two distinct discs 
and two pedicels, either standing close together or 
.removal ohly a little way apart. 

„»It might be thought that a similar gradation ffom a 
^single rostellum into what appears like two distinct' ros- 
tella w,as shown still more plainly, in the Ophite ; for 
We h^ve the following series, — in Orchis pf/ramidalis a 
single disc Enclosed in a single ,pouch — in Aceras two 
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disc{^ touching and affecting each other’s shades, hut 
not actually joined — in Orchis latifolia and maculata 
two quite distinct discs but with the pouch still 
showing plain traces of division; and, lastly, in 
Oplirys we have two perfectly distinct pouches, in- 
cluding of course two perfectly distinct discs. But 
this scries does not indicate the former steps by which 
a single rostellum became divided into two distinct 
organs; on the contrary, it shows how the rostcl- 
lum, after having been anciently divided into two 
organs, has now in several cases been reunited into 
a single organ. 

This conclusion is founded on the nature of the little 
medial crest, sometimes called the rostellate process, 
between the bases of the two anther-cells (see fig. 1, 
I> and D, p. 8). In both divisions of the Ophreaa — 
namely the species having naked discs and those 
having discs enclosed in a pouch — whenever' the two 
discs come into close juxta-position, this medial crest 
or process appears.* On the other hand, when the two 
discs stand widely apart, the summit of the rostellum 
between them is smooth, or nearly smooth. In the 
Frog. Orchis ( Veristylus viridis) the overarching sum- 
mit is bent like the roof o£ a hou^o ; and here we see 
the first stage in the formation of the folded crest.- In 
Herminium monorchia , Jiowever, which has tw 7 o separate 
and large discs, a crest, or solid ridge, is rather n^jre 
plainly developed than might ,have begn expected. 
In Gymnadenia conopsea , Orchis maculata , and others, 
the crest consists of a hood of thin menibraho ; in, 

* Profospor Babington (‘Manual from the other genera of Ophrc®. 
of British Botany,’ 3rd edjt.) uses Thu group of spiral vessels, pro- 
the existence qf this “rostellate perly belonging ^to the rostellum, 
process ” as a character to separate runs up? ami even iftto, t2o hose 
Orchis, Gymnadenia, and Auer as of this crest or pricoss. 
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O.mamda the two sides of the hood partly adhere; 1 
and in 0. pyramidalis and in Aceras it is concerted 
into a solid ridge. These facts are intelligible only 
on the view, that, whilst the two discs were gradually 
brought together, during a long series of generations, 
the intermediate portion or summit of the rostellum 
became more and more arched, until a folded crest, 
and finally a solid ridge was formed. 

Fig. 37. 



Rostellum of Catasetum 


an. antenna: of rostellum. J ped. pediocl of rostellum, to which 

d. viscid disc. [ the pollen-masses are attached. 

Whether we compare together the state of the ros- 
teUum in the various tribes of the Orehideso, or com- 
pare the rostellum with 1 the pistil and stigma of an 
ordinary flower, the differences are wonderfully great. 
, A simple pistil consists of a cylinder surmounted by 
admail 'viscid surface. Now, see what a contrast the 
•rostellum of Catasetum, when dissected from 'all the 
other f elements of the column, presents; and as I 
tracqfl alltho vessels in this Orchid, the drawing may 
be trusted as approximately accurate. The whole organ 
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•has^lost its normal function of being fertilised. Its 
shape is most singular, with the upper end thickened, 
bent over and produced into two long tapering and 
sensitive antennae, each of these being hollow within, 
like an adder’s fang. Behind and between the bases 
of these antenna} we see the large viscid disc, attached 
to the pedicel ; the latter differs in structure from the 
underlying portion of the rostellum, and is separated 
fronf it by a layer of hyaline tissue, ^hieh spontaneously 
dissolves when the flower is mature. The disc, attached 
to the surrounding parts by a membrane which ruptures 
as soon as it is excited by a touch, consists of strong 
upper tissue, with an underlying elastic cushion, 
coated with viscid matter; and this again in most 
Orchids is overlaid by a film of a different nature. 
What an amount of specialisation of parts do we 
here behold ! Yet in the comparatively few Orchids 
described in this volume, so many and such plainly- 
marked gradations in the structure of the rostellum 
have been described, and such plain facilities for the 
conversion of the upper pistil into this organ, that, we 
may well believe, if we could see every Orchid which 
has ever existed throughout the world, we should find 
all the gaps in the # existing chain, and every gap in 
9 in many lost chains, filleif up by a series of ej}.sy 
transitions. 

We now come to the second*gpeat peculiarity in the 
Orchide®, namely their pollinia. The aether opens 
early, and often deposits the naked masses ofrpollen on 
the tyck of the rostellum. This action is prefigure^ 
in Cani¥i, a member of # a family nearly related to the 
Orchide®, in which the pollen is deposited on the pistil, 
close befleatl* the stigma. In the state of the pojlen* 
there is great diversity^: in Cypripedium and Vanilla , 
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single grains are embedded in a glutinous fluid,: in 
all the other Orchids seen by me (except the degraded 
Cephalanthera) the grains are united three or four 
together.* These compound grains are tied one to 
the other by elastic threads, but they often form 
packets which are tied together in like manner, or 
they are cemented into the so-called waxy masses. 
The waxy masses graduate in the Epidendrere and 
Vandeae from eight to four, to two, and, by the co- 
hesion of the two, into a single mass. In somo of the 
Epidcndjeai we have both kinds of pollen within the 
same anther, namely, large waxy masses, and caudicles 
formed of elastic threads with numerous compound 
grains adhering to them. 

I can throw no light on the nature of the cohesion 
of the pollen in the waxy masses ; when they are 
placed in water for three or four days, the compound 
grains .readily fall apart.; but the four grains of which 
each is formed still firmly cohere ; so that the nature 
of the cohesion in the two cases must be different. 
The elastic threads by which the packets of pollen arcs 

* In several eases I have ob- tubes are, at least at first, formed 
scrv^l four tubes emitted from exclusively at the expense of the 
the tour grains which form one of content^ of the y Kill on -grains, 

the compound gruins. In some Having alluded to the monstrous 

serai -monstrous dowers of Malaxis flowers of the Aceras, I will add 

paludosa , and of Aceras anthropo - that I examined several (always 

phora , and in jierlect flowers of the lowest on the spike; in which 
Hjollia nidus-avis, I have observed the label lum was hardly developed, 
tubes emitted from the pplien- and was pressed close against the 
grains, whilst still wit If in the stigmu. The rostcllum was not 
anther and not in contact with developed, so that the }x>lliniu did 
the stigma. I have thought this not possess viscid discs ; but the 
worth mentioning, as R. Brown most curious feature was, that the 

Linn. Transact.' vol. xvi. p. 729) two anther-cells had become, appa« 
states, apparently with some sur- reutly in consequence pf the push 
prise, that the pollen-tubes were tion of the rudimentary labellum c 
emittejl from the pollen, whilst widely separated, and were joiner 
still within the anther, in a decay- by a connective membrane, alums' 
ingeflowef of 'Asclepfcs. These as broad as tftiit of HaJbenaric 
cases show that the protruding chhrantha ! 
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\iei\i together in the Ophre®, and which run far up 
inside the waxy masses of the Vandere, are also of a 
different* nature from the cementing matter ; for the 
threads are acted on by chloroform and by long im- 
mersion in spirits of wine ; whilst these fluids have no 
particular action on the cohesion of the waxy masses. 
In several Epidendre.no and Y and ere the exterior grains 
' of tljio pollen-masses differ from thy interior grains, in 
being larger, and in having yellower and much thicker 
walls. So that in the contents of a single anther-cell 
we see a surprising degree of differentiation in the 
pollen, namely, grains cohering by fours, then being 
either tied together by threads or cemented together 
into solid masses, with the exterior grains different 
from the interior ones. 

In the Vandere, the caudicle, which is composed of 
line coherent threads, is developed from the semi-fluid 
contents of a layer of cells. As I find that chloroform 
has a peculiar and energetic action on the candid es 
of all Orchids, and likewise on the glutinous matter 
which envelopes the pollen-grains in Cypripedium, 
and which can* be drawn out into threads, we may 
suspect, that in this latter genus, — the least differenti- 
ated in structure o£ all the # Orchylere, — we see the 
primordial condition of the elastic threads by which 
the pollen-grains are tied together in other and more 
highly developed species.* 


* Auguste de Saint Ililairc 
( 4 Lemons de Botanique,’ &c., 1811, 
p. 447) say s that the elastic threads 
exist iuihe early bud, after the 
pollen-graijs have been partly 
formed, as a thick creamy fluid. 
Ho adds that his observations on 
Ophry* apijkra have shown? him 
that this fluid is secreted by the 
roBtellum, and is slowly forced 


drop by drop into the anther. 
Had not so eminent authority 
made this statement, 1 should not 
have noticed it. It is certainly 
erroneous. In buds of Epiparti* 
laUfolia I opened the anther, 
whilst perfectly closed and free 
from Ihe rostellum, and foufid the 
pollen-grains united by elastic 
threads. Cephalanthera grandi - 

s<2 
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The caudicle, when largely*, developed and des# tutb 
of pollen-grains, is the most striking of the many pecu- 
liarities presented by the pollinia. In some l Neottea.‘, 
especially in Goodyera, we see it in a nascent con- 
dition, projecting just beyond the pollen-mass, with 
the threads only partially coherent. In the Vandea* 
by tracing the gradation from the ordinary naked 
condition of the caudicle, through Lycaste in which* 
it ifr almost naked, through Calanthe, to Cymbidixm 
ffif/auteum, in which it is covered with pollen-grains, it 
seems probable that its ordinary condition has been 
arrived at by the modification of a pollinium like 
that of one of the Epidendreaj ; namely, by the abor- 
tion of the pollen-grains which primordial] y adhered to 
separate elastic threads, and afterwards by the cohesion 
of these threads. 

In the Ophrem we have better evidence than is 
afforded by gradation, that their long, rigid and 
naked caudieles have been developed, at least partially, 
by the abortion of the greater number of the lower 
pollen-grains and by the cohesion of the elastic threads 
by which these grains were tied together. 1 had often 
observed a cloudy appearance in the middle of the 
translucent caudieles in certain species ; and on care- 
fully opening several caudieles of Orchis pyramidalis ,, 
I found in their centres, full^ half-way down between 
{he packets of pollen and the viscid disc, many pollen- 
grains (consisting, usual, of four united grains), 


flora &as a.) rostellum to secrete 
the above thick fluid, yet the 
ipollen-frratns are thus united. In 
a monstrous specimen of Orchis 
pyramidalis the auricles, or rudi- 
mentary anthers on each side of 
the proper anther, had become 
paRly dftvelo'jMHl, unck they stood 
quite on oncf aide of the rostellum 


and stigma: yet I found in one 
of these auricles a distinct caudicle 
(which necessarily hod uo disc nt 
its extremity), and t^is caudicle 
could not possibly have been 
secreted by the rostellum or 
stiglha. I could a&vaucc addi- 
tional evidence, but it would be 
superfluous. 
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*lyiv,<r quite loose. These grains, from their embedded 
position, could never by any possibility have been left 
on the stigma of a flower, and were absolutely useless. 
Those who can persuade themselves that purposeless 
organs have been specially created, will think little of 
this fact. Those on the contrary, who believe in the 
slow modification of organic; beings, will feel no 
surprise that the changes have not always been per- 
fectly effected, — that, during arid after the many 
inherited stages of the abortion of the lower pollen- 
grains and of the cohesion of the elastic threads, 
there should still exist a tendency to the production 
of a few grains where they were originally developed ; 
and that these should consequently be left entangled 
within the now united threads of the oaudiole. They 
will look at the little clouds formed by the loose 
pollen-grains within the caudicles of Orchinpyramidtilh , 
as good evidence that an early progenitor of this plant 
had pollen-masses like those of Epipactis or Goodyera, 
and that the grains slowly disappeared from the lower 
parts, leaving the elastic threads naked and ready to 
cohere into a true eaudiole. 

As .the caudicle plays an important part in the 
fertilisation of the* flower, it might have been deve- 
loped from one in a nascent condition, such as we # sce 
in Epipactis, to any required length merely by the 
continued preservation of varying increments in^its 
length, each beneficial in rcl£ftk)p to .other changes in 
the structure of the flower, and without any abortion 
of the lower pollen-grains. But we may conclude 
fronuthe facts just given, that this has not been the* 
sole m«ans, — that the fiaudicle owes much of its length# 
to such abortion. That in some cases it has ^subse- 
quently bean largefy increased in length by natural 
selection, is highly pjobable ; for in Bormtea speciosq , 
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the caudicle is actually more than thrice as long as^he 
elongated pollen-masses ; and it is highly improbable 
that so lengthy a mass of grains, slightly cohering 
together by the aid of elastic threads, should ever have 
existed, as an insect could not have safely transported 
and applied a mass of this shape and size to the 
stigma of another flower. 

* ». 

We have hitherto* considered gradations in the state 

of the same organ. To any one with more knowledge 
than I possess, it would be an interesting subject to 
trace the gradations between the several species and 
groups of species in this great and closely-connected 
order. But to make a perfect gradation, all the extinct 
forms which have ever existed, along many lines of 
descent converging to the common progenitor of the 
group, would have to be called back into life. It is 
due to their absence, and to the consequent wide gaps 
in the series, that we are enabled to divide the exist- 
ing species into definable groups, such as genera, 
families, and tribes. If there had been no extinction, 
there would still have boon great lines or branches of 
special development, — the Vandesc, for instance, would 
still have been distinguishable as c a great body, from 
the .great body of the Ophreaj ; but ancient and inter- 
mediate forms, very different probably from their 
present descendants, would have rendered it utterly 
impossible to separate* by distinct characters the one 
great body from the other. 

I wi41 vulture on only a few more remarks. Cypri- 
pfidiuin,-ii> having three stigmas developed, and there- 
fore in not possessing a rostellum, in having twd* fertile 
anther^ with a large rudiment of a third, arn^ in the 
gtate % pf its pollen, $eems a remmtnt of the'jrdcr whilst 
in a simpler or more general ised^cond i t i on . Apostasia 
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is ci related genus, placed by Brown amongst the 
Orchidese, but by Lindley in a small distinct family. 
These broken groups do not indicate to us the structure 
of tho common parent-form of all the Orchidese, but 
they serve to show the probable state of the order in 
ancient times, when none of the forms had become so 
widely differentiated from one another and from other 
plants, as are the existing Orchids, especially the 
Vandete and Ophreso ; and when, consequently, the 
order made a nearer approach in all its characters, 
than it does at present, to such allied groups as the 
Marantacese. 

With respect to other Orchids, we can see that *an 
ancient form, like one of the sub-tribe of the Pleuro- 
thallidsc, some of which have waxy pollen-masses with 
a minute caudicle, might have given rise, by the entire 
abortion of the caudicle, to the Dendrobi®, and by an 
increase of tho caudicle to the Epidendre®. • Cymbi- 
dium shows us how simply a form like one of our 
present Epidendre® could be modified into one of the 
Vandeie. The Neotte® stand in nearly a similar relation 
to the higher Ophrese, which the Epidendreae do to the 
higher Yandese. In certain genera of the Neottese we 
have compound pollen-grains cemented into packets 
and tied together by elastic threads, which project ^nd 
thus form a nascent caudicle. . But this caudicle does 
not protude from tho lower end of the pollinium a§ in 
the Ophreai, nor does it always. protrude from the ex- 
treme upper end in the Neottese, but sometimes at an 
intermediate level ; so that a transition in^his tespect, 
is fa? from impossible. In Spiranthes, the book of tjy 
rostellhm, lined with viscid matter, is alone removed ? 
the frojtt part is membranous, and ruptures like the 
pouch-formtd rostellhm of the Oplirete.* aqcietft 
form combining most « of the characters, but in a less* 
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(developed state, of Goodyera, Epipactis, and Spiranthes, 
all members of the Neotteae, could by further slight 
modifications have given birth to the tribe of the 
Ophrem. 

Hardly any question in Natural History is more 
vague and difficult to answer than what forms ought 
to be considered sis the highest in a large group ; * for 
all are well adapted, to their conditions of life. If we 
look to successive modifications, with differentiation of 
psirts and consequent complexity of structure, as the 
standard of comparison, the Oplirem and Vandem will 
stand the highest among the Orchidem. Are we to lay 
much stress on the size and beauty of the flower, and 
on the size of the whole plant ? if so, the Vandero are 
pre-eminent. They have, also, rather more complex 
pollinia, with the pollen-masses often reduced to two. 
The rostclluin, on the other hand, has apparently been 
more modified from its primordial stigmatic nature in 
the Ophrem, than in the Vandea?. In the Ophreae the 
stamens of the inner whorl are almost entirely sup- 
pressed, — the auricles — mere rudiments of rudiments — 
being alone retained; and even these are sometimes 
lost. These stamens, therefore, have suffered extreme 
reduction; but can, this fye considered as a sign of 
highness? I should doubt whether any member of 
the Orchidean order has-been more profoundly modified 
in ijts whole structure than Bonatea spedesa, one of the 
Ophreae. So again, witKin this same tribe, nothing 
can be more perfect than the contrivances in Orchis 
pyramidali#* for its fertilisation. Yet an ill -defined 
.foiling tells me to rank the magnificent Vandcrte as 
tka highest. When we look within this tribe at the 
• 

* The fullest ajid the most able his ‘ Entwiokelunps-Geeetzo der 
discus£on on* this difficult' subject Orgemischen Welt/ 1858. 

‘id* by Frofeskor *H, G. Bronn in 
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elaborate mechanism to the ejection and transportal 
of the jpollinia of Catasetum, with the sensitiVe ros- 
tellum so wonderfully modified, with the sexes bqjne 
on distinct plants, we may perhaps give the palm of 
victory to this genus. 

SECRETION OF NECTAR. 

• • 

Many Orchids, both our native species and the 

exotic kinds cultivated in our hothouses, secrete a 
copious supply of nectar. I have found the horn-like 
nectaries of Aerides filled with fluid ; and Mr. Rodgers, 
of Sevenoaks, informs me that he lias taken crystals 
of sugar of considerable size from the. nectary of A . 
cornutum. The nectar-secreting organs of the Orchideae 
present great diversities of structure and position in 
the various genera ; but are almost always situated 
towards the base of the labellum. In Disa, however, 
the posterior sepal alone, and in Disperis the two 
lateral sepals together with the labellum, secrete 
nectar. In Dmdrohium clmjmntlium the nectary 
consists of a shallow saucer ; in Evelyna, of two large 
united cellular balls ; and in Bolbophyttum cupreum , of 
a medial furrow. Jn Cattleya the nectary penetrates 
the ovarium. In Anyrwcum sesquipedale it attains, the 
astonishing length of above eleven inches ; but I need 
not enter on further details. The tact, however, 
should be recalled, that in* CJpryanthes the nectar- 
secreting glands pour forth an abundance of almost 
pure water, which drips into a bucket foflned*by the # 
distal part of the labellum ; and this secretion serjgs 
to present the bees which come to gnaw the surface o# 
the labellum from flying away, and thus compels them 
to crawl ou# through “the proper passage. • 

Although the secretion of nectar is of *the highest 
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importance to Orchids by attracting insects, which are 
indispensable for the fertilisation of most of the species, 
yet .good reasons can be assigned for the belief* that 
nectar was aboriginally an excretion for the sake of 
getting rid of superfluous matter during the chemical 
changes which go on in the tissues of plants, especially 
whilst the sun shines. The bracteao of some Orchids 
have been observed t to secrete nectar, and this cannot 
be of any use to them for their fertilisation. Fritz 
Muller informs me that lie has seen such secretion 
from the bractem (If an Oncidium in its native Bra- 
zilian home, as well as from the bractem and from the 
outside of the upper sepal of a Notylia. Mr. liodgers 
has observed a similar and copious secretion from the 
base of the flower-peduncles of Vanilla. The column 
of Acropera and Gongora likewise secretes nectar, as 
previously stated, but only after the flowers have been 
impregnated, and when such secretion could be of no 
use by attracting insects. It is in perfect accordance 
with the. scheme of nature, as worked out by natural 
selection, that matter excreted to free the system from 
superfluous or injurious substances should be utilised 
for highly useful purposes. To give an example in 
strong contrast with our present subject, the larvm of 
certain beetles (Cassidae, &e.) use their own excrement 
to make an umbrella-like protection for their tender 
bodies. 

It may be remembered that evidence was given in 
the first chapter proving that nectar is never found 
within 'the ^spur-like nfectaries of several species of 
Qjcchis, but that various kinds^ of insects penetrate 

Thte subject has been fully 1870, p. 402. 
dfooussed in ^ my- work 'On the f Kto, ‘ Uebortrtie Bedeutung 
Kffocts^bf Cross and St lf-ffertilisa- der Nektarien/ 1833, p. 28. 

in the Vegetable Kingdom/ 
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the tender inner coat tfith their proboscides, and suck 
the fluid contained in the inter-cellular spacesV This 
conclusion has been confirmed by Hermann MuUer, 
and I have further shown that even Lepidoptera are 
able to penetrate other and tougher tissues. It is an 
interesting case of co-adaptation that in all the British 
species, in which the nectary does not contain free 
neqjtar, the viscid matter of the djsc of the pollinium 
requires a minute or two in order to set hard ; and 
it would be an advantage to the plant if insects were 
delayed thus long in obtaining the nectar by having 
to puncture the nectary at several points. On the 
other hand, in all the Ophrea? which have nectar ready 
stored within the nectary, the discs are sufficiently 
viscid for the attachment of the pollinia to insects, 
without the matter quickly setting hard; and there 
would therefore be no advantage to these plants in 
insects l>eing delayed for a few minutes whilst? sucking 
the flowers. 

In the case of cultivated exotic Orchids which have 
a nectary, without any free nectar, it is of course 
impossible to feel absolutely sure that it would not 
contain any under more natural conditions. Nqrhave 
I made many comparative ^observations on the rate of 
the setting hard of the viscid matter of the disc in 
exotic forms. Nevertheless it seems that some Vandeae 
are in the same predicament as our British •specif of 
Orchis ; thus Calanthe moswVhas a very^long nectary, 
which in all the specimens examined by me was quite, 
dry internally, and was inhabited by pcnfderjf Cocci; 
but in the intercellular spaces between the two coats 
there Vas much fluid* ; and in this species the viscid 
matter t of the disc, qfter its surface had been disturbed, 
entirely loft its adhesiveness in Uvo minutes. Jn fin 
Oncidium the disc, similarly disturbed, became dry in* 




one minute and a half; in an Odontog’lossuin in two 
minutcil; and in neither of these Orchids was there 
any # free nectar. On the other hand, in Angr&cam 
sesquipedale , which lias free nectar stored within the 
lower end of the nectary, the disc of the pollinium, 
when removed from the plant and with its surface 
disturbed, was strongly adhesive after forty-eight 
hours. H 

Sarcanthus teritifdius offers a more curious case. 
The disc quite lost its viscidity and set hard in less 
than three minutes. Hence it might have been ex- 
pected that no fluid would have been found in the 
nectary, but only in the intercellular spaces; never- 
theless there was fluid in both places, so that here wo 
have both conditions combined in the same flower. It 
is probable that insects would sometimes rapidly suck 
the free nectar and neglect that between the two 
coats; but even in this case 1 strongly suspect that 
they would be delayed by a totally different means 
in sucking the free nectar, so as to allow the viscid 
matter to set hard. In this plant, tlm labellum with 
its nectary is an extraordinary organ. I wished to 
have had a drawing made of its structure ; but found 
that it was as hopeless as to give <a drawing of the 
wards of a complicated lock. Even the skilful Bauer, 
with numerous figures ami sections on a large scale, 
hardly makes the structure intelligible. So com- 
plicated is the passage,' that I failed in repeated 
attempts to pass a bristle from the outside of the 
flower into *the nectary ; or in a reversed direction 
fr^n the ‘cut-off end of the nectary to the outside. *No 
doubt an insect with a voluntarily flexible proboscis 
could pass it through the passages, and thus 4 reach 
the n pc tar*; but in ^effecting thifc, some dfelay would 
Jbe caused ; And time would be thus allowed for the 
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curious square viscid disc to become securely cemented 
to an insect’s head or body. 

As fti Epipactis the cup at the base of the labellum 
serves as a nectar-receptacle, I expected to find that 
the analogous cups in Stanhopea, Acropera, &c., would 
serve for the same purpose ; but I could never find 
a drop of nectar in them. According, aJso, to M. 
Meniere and Mr. Scott * this is never the case in these 
genera, or in Gongora, Oirrhiea, guid many others. In 
Catasetum tridantatum, and in the female form Mona- 
chanthus, we see that the; u])turned cup cannot 
possibly serve as a nectar-receptacle. What then 
attracts insects to these flowers ? That they must be 
attracted is certain ; more especially injthc case of Cata- 
setum, in which the sexes stand on separate plants. In 
many genera of Vandeae there is no trace of any nectar- 
secreting organ or receptacle ; but in all these cases 
(as far as I have seen), the labellum is either jthick and 
fleshy, or is furnished with extraordinary excrescences, * 
as in the genera Oncidium and Odontoglqpsum. In 
Phalwnojisis grandijlora there is a curious anvil-shaped 
projection on the labellum, with two tendril-like pro- 
longations from its extremity which turn backwards 
and apparently sprve to guard the sides of the anvil, so 
that insects would be forced to alight on its grown. 
Even in our British Cephqjanthera grandijlora , the 
labellum of which •never contains nectar, there are 
orange-coloured ribs and pa^iljte on the inner surface 
which faces the column. In Calanthe (fig. 26) a cluster 
of odd little spherical warts projects fromrthe labellum’, 
and there is an extremely long nectary* which j^oes 
not include nectar ; 'in Eulophia viridis the short, noc- 
tary is equally destitute of nectar, and the Jabollunf 


* • Bulletin Bot. §oc. (le France/ tom. ii. 1835, p. 352. 
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is covered with longitudinal , .fimbriated ridges . In 
several^species of Ophrys, there are two small shining 
protuberances, at the base of the labelhmi, bendaththe 
two* discs. Innumerable other cases could be added of 
the presence of singular and diversified excrescences 
on the labellum; and Lindley remarks that, their use 
is quite unknown. 

From the position, relatively to the viscid discs, 
which these excrescences occupy, and from the absence 
of any free nectar, it formerly seemed to me highly 
probable that they afforded food and thus attracted 
either Hymenoptera or flower-feeding Coleoptera. 
Thcflre is no more inherent improbability in a flower 
being habitually fertilised by an insect coming to 
feed on the labellum, than in seeds being habitually 
disseminated by birds attracted by the sweet pulp in 
which they are embedded. Hut I am bound to state 
that Dr., Percy, who had the thick and furrowed 
labellum of a Warrea analysed for me by fermentation 
over mercury, found that it gave no evidence of con- 
taining more saccharine matter than the other petals. 
On the other hand, the thick labellum of Catasetum 
and the bases of the upper petals of Mormodes iijnea, 
have a 1 slightly sweet, rather pleasant, and nutritious 
taste v Nevertheless, ‘it was 1 a bold speculation that 
insects were attracted to the flowers of various Orchids 
in order to gnaw the excrescences or other parts of 
their labella; and few .things have given me more 
satisfaction th&n the full confirmation of this view by 
Dr. Criiger, who* has repeatedly witnessed in the West 
Indies humble-bees of the genus Euglossa gnawing.the 
latfejlum of Catasetum, Corvanthes, Gongora,* and 
'Stanhopea. Fritz Muller also has often found, in 


‘ Joura. Linn. Sue. Bot.’ 1804, yol. viii. p. 129. 
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South Brazil, the prqininences on the labellum of 
Oncidium gnawed. We are thus enabled toyunder- 
stand the meaning of the various extraordinary crests 
and projections on the labellum of many Orchids for 
they invariably stand in such a position that insects, 
whilst gnawing them, would be almost sure to touch 
the viscid discs of the pollinia and thus remove them, 
afterwards effecting the fertilisation of another flower. 

MOVEMENTS OF THE POLLINIA. 

The pollinia of many Orchids undergo a movement 
of depression, after they have been removed from their 
places of attachment and have been exposed for a few 
seconds to the air. This is due to the contraction of a 
portion, sometimes to an exceedingly minute portion, 
of the exterior surface of the rostellum, which, retains 
a membranous condition. This membrane, as, wo have 
seen, is likewise sensitive to a touch, so as to rupture 
in certain definite lines. In a Maxillaria the middle 
part of the pedicel, and in Habenaria the whole drum- 
like pedicel contracts. The point of contraction in all 
the other cases seen by me, is either (dose to the 
surface of attachment of the caudiele to the disS, or at 
the point where tfie pedicel is united to the disc ; but 
both the disc and pedicel arc parts of the exterior 
surface of the rostellum. In 'these remarks I do not 
refer to the movements w Irish are simply due to f the 
elasticity of the pedicel, as in tlio Yandefle. 

The long strap-formed disc of Gymnadefiia qonopnea 
is well adapted to show the mechanism of the move- 
ment *>f depression. /The whole pollinium, both in*ft§ 
upright and depressed (but not closely depressed) 
positidh, has been Shown (p. 65) in fig. 10. Hie di$p, 
in its uncontracted condition with the caud^cfe removed, 
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is seen from above highly magnified in the upper of 
the twy adjoining figures ; and in the lower figure we 
have a longitudinal section of the uncontracted disc, 
together with the base of the attached and upright 
caudicle. At the broad end of the disc there is a deep 
crescent-shaped depression, bordered by a slight ridge 
formed of longitudinally elon- 
gated cells. The end of the 
caudicle is attached to 'the 
steep sides of this depression 
and ridge. When the disc is 
exposed to the air for about 
thirty seconds, the ridge -con- 
tracts and sinks flat down ; in 

Oise of GumiuulenUi cvnupsca. • i • • , , , , 

9 sinking, it drags with it the 

caudicle, which then lies parallel to the elongated 
tapering part of the disc. If placed in water the 
ridge rises*, re-elevating the caudicle, and when re- 
exposed to the air it sinks again, but each time with 
somewhat enfeebled power. During each sinking and 
rising of the caudicle, the whole pollinium is of course 
depressed and elevated. 

That the power of movement lies exclusively in the 
surface of the disc is well shown in the case of the 
saddle-shaped disc 6f Orchis pyramidalis ; for whilst it 
was held under water I removed the attached caudicles 
and the layer of viscid matter from the inferior surface, 
and immediately that the disc was exposed to the air 
the proper contraction ensued. The disc is formed of 
' several layers of minute cells, which are best seen in 
specimens that have been kept in spirits of wine, 
foY their contents are thus rendered more opaque The 
cells in the flaps of the saddle are a little elongated. 
4s long as the saddle is kept damp, its upper 1 surface 
f is nearly iiaj;, but when exposed „to the air (see fig. 3, 


Tig. 118 . 
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E, p. 1 8) the two flaps oi;sides contract and curl inwards ; 
and this causes the divergence of the pollinia.*^ By a 
kind of Contraction two valleys are likewise formed in 
front of the caudicles, so that the latter are thrown 
forwards and downwards, almost in the same way as if 
trenches were dug in front of two upright poles, and 
then carried on so as to undermine them. As far as I 
could perceive, an analogous contraction causes the 
depression of the pollinia in Orchis via,scula. With 0. 
hircina both pollinia are attached to a single rather large 
square disc, the whole front of which, after exposure 
to the air, sinks down and is then separated from the 
hinder part by an abrupt step. By this contraction bdtli 
pollinia are carried forwards and downwiyds. 

Some pollinia which had been gummed on card for 
several months, when placed in water, rose up and 
afterwards underwent the movement of depression. 
A fresh pollinimn, on being alternately damped and 
exposed to the air, rises and sinks several times alter- 
nately. Before I had ascertained these fact§, which 
show that the movement is simply hygrometric, I 
thought that it was a vital action, and tried vapour 
of chloroform and of prussic acid, and immersion in 
laudanum; but these reagents did not checl£ the 
movement. Nevertheless, there are some difficulties 
in understanding how the moyement can be simply 
hygrometric. The flaps of the saddle in Orchis pyra- 
midalis (see fig. 3, 1), p. 18) cijrl completely inwards 
in nine seconds, which is a surprisingly short time 
for mere evaporation to produce dn effect*;* and the 

• • • •• 

* Tl.i^fnct does not now appear awn of Stipa “twists and untwists , 
to me so surprising as it f< rmerly when exposed to dry and damp uir. 
did, for my son Francis has shown These movements being # due, as 
( 4 Transact. Linn. Soc.’ 2iuf series, he has shown, to the twisting and 
Bot. vol. ij 18tG, p. 149) with untwist ijig of the separate cfells. 
what extraordinary quicknes| the 
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movement is apparently due to.the drying of the under ' 
surface, although this is covered with a thick layer 
of viscid matter. The edges, however, of thfi saddle 
might become slightly dry in the nine seconds. When 
the saddle-formed disc is placed in spirits of wine it 
contracts energetically ; and this is probably due to 
the attraction of alcohol for water. When replaced in 
water it. opens again. Whether or not the contraction 
is wholly hygrometric, the movements are admirably 
regulated in each species, so that the pollen-masses, 
when transported by insects from flower to flower, 
assume a proper position for striking the stigmatic 
surface. . 

These varipus movements would be quite useless, 
unless the poll in ia were attached in a uniform position 
to the insects which visit the flowers so as to be always 
directed in the same manner after the movement of 
depression and this necessitates that the insects should 
be forced to visit the flowers of the same species in 
a uniform manner. Hence I must say a few words 
on the sepals and petals. Their primary function, no 
doubt, is to protect the organs of fructification in the 
bud. After the flower is fully expanded, the upper 
SepaFand two upper petals often continue the same 
office. We cannot" doubt 0 that this protection is of 
service, when we see in Stelis the sepals so neatly re- 
closing ajid reprotecting the flower some time alter its 
expansion ; in Masdevaliia the sepals are permanently 
soldered together, with two little windows alone left 
open and? in the ‘open and exposed flowers of Bol- 
bophyllum, the mouth of the stigmatic chamber 
after a time closes. Analogous facts with respect to 
Malaxis, Cephalanthera, &c., could be given. But the 
hood formed by the upper sepal*and two lappet petals, 
Jbesicles affording protection, evidently forms' a guide, 
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compelling insects to visit the flowers in front. Pew 
persons now doubt the correctness of 0. K. Sprctfigel’s 
view, * \liat the bright and conspicuous colour^ of 
flowers serve to attract insects from a distance. Never- 
theless some Orchids have singularly inconspicuous 
and greenish flowers, perhaps in order to escape some 
danger ; but many of these are strongly scented, which 
woijjid equally well serve to attract; insects. 

The labellum is by far the most important of the 
external en velopes of the flower. It not only secretes 
nectar, but is often modelled into variously shaped 
receptacles for holding this fluid, or is itself rendered 
attractive so as to be gnawed by insects. Unless the 
flowers were by some means rendered attractive, most 
of the species would be cursed with perpetual sterility. 
The labellum always stands in front of the rostellum, 
and its outer portion often serves as a landing-place 
for the necessary visitors. In Epipactis pftlusfris this 
part is flexible and elastic, and apparently compels 
insects in retreating to brush against the rostellum. 
In Cypripedium the distal portion is folded over like 
the end of a slipper, and compels insects to crawl out 
of the. flower by one of two special passages, in £tero ; 
stylis and a few other Orchids the Vibellum is irritable, 
so that when touched it shuts the flower, leaving only 
a single passage by which an insect can escape. In 
Spiranthes, when the flower is fully mature, tlte column 
moves from the labellum, spafta being t]ius left for 


* This author’s curious work, 
with iA quaint title of 4 Das Ent- 
deckte CXoheimniss der Nairn-, ’ 
until lately was often spoken 
lightly of. No doubt lie jtras an 
enthusiast, an«L perl taps carried 
some of h* ideas to an extreme 
length. But I feel sure, from my 


own observations, that^his work 
contains an immense bo'ly t»f 
truth. Many years ago Robert 
Brown, to whose judgment all 
botanists defer, spoke highly of it 
to me, and remarked} that only 
those who knew little of the sub- 
ject would laugh at him. 

i 2 
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the introduction of the pollen^masses attached to the 
probqpcis of a humble-bee. In Mormodes ignea the 
lafyellum is perched on the summit of the Column, 
and here insects alight and touch a sensitive point, 
causing the ejection of the pollen-masses. The la- 
bellum is often deeply channelled, or has guiding 
ridges, or is pressed closely against the column ; and 
in a multitude of qases it approaches closely enough 
to render the flower tubular. By these several means 
insects are forced to brush against the rostellum. We 
must not, however, suppose that every detail of struc- 
ture in the labellum is of use : in some instances, as 
with Sarcanthus, its extraordinary shape seems to be 
partly due to» its development in close apposition to 
the curiously shaped rostellum. 

In Listera ovata the labellum stands far from the 
column, but its base is narrow, so that insects arc led 
to stand e^&tetly beneath the middle of the rostellum, 
In other cases, as in Stanhopea, Phahonopsis, Gongora, 
&c., the labellum is furnished with upturned basal 
lobes, which manifestly act as lateral guides. In some 
cases, as in Maljxxis, the two upper petals are curled 
backwards so as to be out of the way ; in other cases 
as in Acropera, Ma^levallia, and some Bolbophyllums, 
these upper petals plainly serve as lateral guides, com- 
pelling insects to visit the flowers directly in front of 
thf rostellum. In other cases, wings formed by the 
margins of the clinandrum or of the column, serve as 
lateral guides, both in the withdrawal of the pollinia 
and irt thdlr subsequent insertion into the stigmatic 
cavity. r So that there can be no doubt that the petals, 
sepals and rudimentary anthers do good service in 
several ways, besides affording protection to the bud. 

" The Altai *end of, the whole flftwer, withe/ill its parts, 
iis the production of seed ; and <these are produced by 
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Ojjchids in vast profusion. Not that such profusion 
is anything to boast of ; for the production of an almost . 
infinite number of seeds or eggs, is undoubtedly a sign 
of lowness of organisation. That a plant, not being 
an annual, should escape extinction, chiefly by the 
production of a vast number oi seeds or seedlings,, 
shows a poverty of contrivance, or a want of some 
fittyig protection against other dangers, I was curious 
to estimate the number of seeds produced by some 
few Orchids ; so I took a ripe capsule of Cephalanthera 
grandijlora , and arranged the seeds on a long ruled 
line as equably as I could in a narrow hillock ; and 
then counted the seeds in an accurately measured 
length of one-tenth of an inch. In this way the con- 
tents of the capsule were estimated at 6020 seeds, and 
very few of these were bad ; the four capsules borne 
by the same plant would have therefore contained 
24,080 seeds. Estimating in the same *fnaiftier the 
smaller seeds of Orchis maculata , I found the number 
nearly the same, viz., 6200 ; and, as I have often seen 
above thirty capsules on the same plant, the total 
amount would be 186,300. As this Orchid is perennial, 
and cannot in most places be increasing in mjmbej, 
one seed alone oftthis large number yields a mature 
plant once in every few years. • 

To give an idea what the above figures really mean, 

I will briefly show the 1 possible rate of increase of 0 . 
maculata : an acre of land woi/ld hold 1^4,240 plants, 
each having a space of six inches square, and this 
would be just sufficient for their growtfl; lb that,, 
making the fair allowance of 400 bad seeds 0 in eaeh 
capsulb, an acre would be thickly clothed by the pro- 
geny qf a single plqnt. At the same rate of increase, 
the grandchildren would cover a space slightly e^eed- 
ing the island of Amglesea ; and the gteat grandr' 
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children of a single plant would nearly (in the ratio, of 
47 to,&0) clotlie with one uniform green carpet the 
entire surface of the land throughout the glolJe. But 
the number of seeds produced by one of our common 
British orchids is as nothing compared to that of some 
of the exotic kinds. Mr. Scott found that the capsule 
of an Acropera contained 371,250 seeds ; and judging 
from the number of powers, a single plant would some- 
times yield about, seventy-four millions of seeds. 
Fritz Muller found 1,756,440 seeds in a single capsule 
of a Maxillaria ; and the same plant sometimes bore 
half-a-dozen such capsules. I may add that by 
counting the packets of pollen (one of which was broken 
up under the microscope) I estimated that the number 
of pollen-grains, each of which emits its tube, in a 
single anther of Orchis mascula was 122,400. Amici* 
estimated the number in 0. morio at 120,300. As 
these two species apparently do not produce more 
seed than the allied 0. maculata , a capsule of which 
contained 6200 seeds, we see that there are about 
twenty pollen-grains for each ovule. According to 
this standard, tjie number of pollen-grains in the 
anther of a single flower of the Maxillaria which 
yielded 1,756,440 scjcds must be prodigious. 

What checks the unlimited multiplication of the 
Orcliidea) throughout the world is not known. The 
minute seeds within their light coats are well fitted 
for wide dissemination*;* and 1 have several times 
observed seedlings springing up in my orchard and in 
a newly -plaVitcd wood, which must have come from a 
cppsider&bk) distance. This was especially thencase 
With Epipactis latifolia ; and an* instance has b<3en re- 
corded Jby a good observer t of seedlings of th^s plant 

Mf>hl,‘Tl Vegetable Cell/ t Mr. Bree, in ‘fjoiiiton’s Mag. 
translated by Heulrey, p. 133. of NeA. Hist/ vol. ii. 1829, p. 7 ( 0. 
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ajjpearing at the distance of between eight and ten 
miles from any place where it grew. Notwithstanding 
the astonishing number of seeds produced by Orchids, 
it is notorious that they are sparingly distributed ; for 
instance, Kent appears to be the most favourable county 
in England for the order, and within a mile of my 
house nine genera, including thirteen species, grow ; 
bu^ of these one alone, Orchis iriorio, is sufficiently 
abundant to make a conspicuous .feature in the vege- 
tation ; as is 0 . maculata in a lesser degree in open 
woodlands. Most of the other species, though not 
deserving to be called rare, are sparingly distributed; 
yet, if their seeds or seedlings were not largely ‘de- 
stroyed, any one of them would immediately cover the 
whole land. In the tropics the species are very much 
more numerous; thus Fritz Muller found in South 
Brazil more than thirteen kinds belonging to several 
genera growing on a single Cedrela tre£ Mr. Fitz- 
gerald has collected within the radius of one mile of 
Sydney in Australia no less than sixty-two apecies, of 
which fifty-seven were terrestrial. Nevertheless the 
number of individuals of the same species is, I believe, 
in no country nearly so great as that of very many 
other plants. Lijulley formerly estimated thaf there 
wore in the world about *0000 species of Orchidem, 
included in 433 genera.* , 

The number of the individuals which com^ to 
maturity does not seem to be* alkali closely determined 
by the number of seeds which each species produces ; 
and this holds good when closely relabel forms are’ 
compared. Thus Ophrys apifera fertilises kself *yjd 
ever yellower produces* a capsule ; but the individuals 
of thi| species are # not so numerous in some parts of ' 


* Gardener's Chron.’ 1862, p. 192. * 
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England as those of 0. muscifera, which cannot f?r- 1 
tilise itself and is imperfectly fertilised by insects, so 
that a large proportion of the flowers drop oif unim- 
pregnated. Ophryx aranifera is found in large numbers 
in Liguria, yet Delpino estimates that not more than 
one out of 3000 flowers produces a capsule.* Mr. 
Cheeseman saysf that with the New Zealand Piero - 
stylis trullifolia much less than a quarter of the flowers, 
which arc beautifully adapted for cross-fertilisation, 
yield capsules ; whereas with the allied Acianthm 
sinclairii , the flowers of which equally require insect- 
aid for their fertilisation, seventy-one capsules were 
produced by eighty-seven flowers ; so that this plant 
must produce an extraordinary number of seeds ; never- 
theless in many districts it is not at all more abundant, 
than the Pterostylis. Mr. Fitzgerald, who in Aus- 
tralia has particularly attended to this subject, remarks 
that every flower of Thelymitm earned fertilises itself 
and produces a capsule ; yet it is not nearly so common 
as Acianthus fornicatus, “the majority of the flowers 
of which are unproductive. Phajus grandifolius and 
Galanthe veratrifolia grow in similar situations. Every 
flower of the Phajus produces seeds, only occasionally 
one of the Calanthc ? yet Phajus is rare and Calanthe 
common.” 

The frequency with * which throughout the world 
members of various Orchideous tfribes fail to have their 
flowers fertilised, tlioqgft these are excellently con- 
structed for cross-fertilisation, is a remarkable fact. 
Fritz Mullet informs me that this holds good in the 
luxuriant forests of South Brazil with most of««the 
Epidcndre®, and with the genus Vanilla. For instance, 

‘UW;. Odservaz. Bull* Dico- t Transiict. NnwVjea^nd Inst.* 
€$mia,’ part i. pi 177. vol vtt. 1875, p. 851. 
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h^i visited a sitewhere Vanilla creeps over almost every 
tree, and although the plants had been covered with 
flowers* yet only two seed-capsules were produced. So 
again with an Epidendrum, 233 flowers had fallen off 
un impregnated and only one capsule had been formed ; 
of the still remaining 136 flowers, only four had their 
pollinia removed. In New South Wales Mr. Fitzgerald 
do^s not believe that more than # one flower out of a 
thousand of Dendrobium speciosum sets a capsule ; and 
some other species there are very sterile. In New 
Zealand over 200 flowers of Coryanthes triloba yielded 
only five capsules ; and at the Cape of Good Hope only 
the same number were produced by 78 flowers of Visa 
grandiflora . Nearly the same result has been observed 
with some of the species of Oplirys in Europe. The 
sterility in these cases is very difficult to explain. It 
manifestly depends on the flowers being constructed 
with such elaborate care for cross-fertil isatiflh, that they 
cannot yield seeds without the aid of insects. From 
the evidence which I have given elsewhere * we may 
conclude that it would be far more profitable to most 
plants to yield a few cross -fertilised seeds, at the 
expepse of many flowers dropping off unimpregnated, 
rather than produce many self-fertilised seeds. Profuse 
expenditure is nothing unfisual under nature, as w« see 
with the pollen of wind-fertilised plants, and in the 
multitude of seeds ahd seedlings produced by naost 
plants in comparison with thfidpw that reach maturity. 
In other cases the paucity of the flowers that* arc im- 
pregnated may bo due to the proper insects* having' 
became rare under the incessant changes to which Jjie 
worl<* is subject ; or *to other plants which are more 


♦ * Th# Effects of Crow and Self-fertfiiaation in fixe Vegetable 
Kingdom,’ 1876. * • 
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highly attractive to the proper bisects having increased 
in nuiriber. We know that certain Orchids require 
certain insects for their fertilisation, as in the ehses be- 
fore given of Vanilla and Sarcochilus. In Madagascar 
Anrjrmcum sesquipedale must depend on some gigantic 
moth. I n Europe Gypripedium calceolus appears to be 
fertilised only by small bees of the genus Andrena, 
and Epipaetis latifolia only by wasps. In those cqpcs 
in which only a few flowers are impregnated owing to 
the proper insects visiting only a few, this may be a 
great injury to the plant ; and many hundred species 
throughout the world have been thus exterminated ; 
thoSc which survive having been favoured in some 
other way. Oji the other hand, the few seeds which 
are produced in these cases will be the product of 
cross-fertilisation, and this as wo now positively know 
is an immense advantage to most plants. 

I have now nearly finished this volume, which is 
perhaps ty>o lengthy. It has, 1 think, been shown that 
the Orchidem exhibit an almost endless diversity of 
beautiful adaptations. When this or that part has been 
spoken of as adapted for some special purpose, it .must 
not be* supposed that it was originally always formed 
for tjiis sole purpose. The* regular course of events 
seems to be, that a part >vhicli originally served for one 
purpose, becomes adapted by stew changes for widely 
different purposes. Tp«£ive an instance: in all the 
Ophrete, the Pong and nearly rigid caudidc manifestly 
serves for the application of the pollen-grains to the 
stigma, when the pollinia are transported by insects 
to (mother flower; and the anther opens widfcly in 
order that the pollinium should be easily withdrawn ; 
but iii the Bee Opjirys, the caitdicle, by ^ slight in- 
crease in length and decrease in its thickness *and by 
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the anther opening little more widely, becomes 
specially adapted tor the very different purpose of 
self-fertilisation, through the combined aid of the 
weight of the pollen-mass and the vibration of* the 
flower when moved by the wind. Every gradation 
between these two states is possible, — of which we have 
a partial instance in 0. dranifera. 

^Vgain, the elasticity of the pedicel of the pollinium 
in gome Vandom is adapted to free the pollen-masses 
from their anther-cases ; but by a further slight modi- 
fication, the elasticity of the pedicel becomes specially 
.adapted to shoot out the pollinium with considerable 
force so as to strike the body of the visiting inkect. 
The great cavity in the labellum of, many Vandea* 
is gnawed by insects and thus attracts them; but 
in Mormodes ignea it is greatly reduced in size, and 
serves in chief part to keep the labellum in its new 
position on the summit of the column.* Eroin the 
analogy of many plants we may infer that a long 
spur-like nectary is primarily adapted to secrete and 
hold a store of nectar ; but in many Orchids it has so 
far lost this function, that it contains fluid only in the 
intercellular spaces. In those Orchids in which the 
nectary contains l>otli free nectar and fluid in the inter- 
cellular spaces, we can see how a transition from the 
one state to the other could, be effected, namely, by 
less and less nectar f bcing secreted from, the jnner 
membrane, with more and fbqpe retained within the 
intercellular spaces. Other analogous cases could be 
given. 

y though an organ may not have been originally 
formed for some special purpose, if it now servea few 
this epd, wo are justified in saying that it is specially 
adapted fqjr it. On the same "principle, if a map wore 
to make a machine for some special purpose, but weja 
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to use old wheels, springs, and 'pulleys, only slightly 
altered, ‘the whole machine, with all its parts, might be 
said to be specially contrived for its present purpose. 
Thus throughout nature almost every part of each living 
being has probably served, in a slightly modified con- 
dition, for diverse purposes, and has acted in the living 
machinery of many ancient and distinct specific forms. 

In my examination of Orchids, hardly any fact has 
struck me so much as the endless diversities of structure, 
— the prodigality of resources, — for gaining the very 
same end, namely, the fertilisation of one flower by 
pollen from another plant. This fact is to a large ex- 
tent intelligible on the principle of natural selection. 
As all the parts of a flower are co-ordinated, if slight 
variations in any one part were preserved from being 
beneficial to the plant, then the other parts would 
generally have to be modified in some corresponding 
manner. Lat these latter parts might not vary at all, 
or they might not vary in a fitting manner, and these 
other variations, whatever their nature might be, which 
tended to bring all the parts into more harmonious 
action with one another, would be preserved by natural 
selection. 

' To give a simple illustration : in many Orchids the 
ovarium (but sometimes the' 1 foot-stalk) becomes for a 
period twisted, causing the labellum to assume the 
position of a lower petal, so that insects can easily 
visit the flower; but from slow changes in the form 
or position of the petals, or from new sorts of insects 
’ visiting the ‘flowers, it might be advantageous to the 
plgnt that the labellum should resume its normal 
position on the upper side of the* flower, as is actually 
the case with Malaseis paludosa, and some species of 
Oatas t etum, &o. This change, it ‘is obvious, might be 
•Egmply effected by the continued, selection of varieties 
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which had their ovaria less and less twisted; but if 
the plant only afforded varieties with the ’qvarium 
more twisted, the same end could be attained by the 
selection of such variations, until the flower was 
turned completely round on its axis. This seems to 
have actually occurred with Malaxis paludona , for 
the label lum has acquired its present upward posi- 
tion by the ovarium being twistgd twice as much as 
is usual. * 

Again, we have seen that in most Vandeai there is 
a plain relation between the depth of the stigmatic 
chamber and the length of the pedicel, by which the 
pollen-masses are inserted ; now if the chamber became 
slightly less deep from any change in the form of the 
column or other unknown cause, the mere shortening 
of the pedicel would be the simplest corresponding 
change ; but if the pedicel did not* happen to vary in 
shortness, the slightest tendency to its becoming bowed 
from elasticity as in Phalamopsis, or to a backward 
hygroinetric movement as in one of the M-axillarias, 
would be preserved, and the tendency would be con- 
tinually augmented by selection ; tljus the pedicel, as 
far as its action is concerned, would be modified ^in 
the same mannqr as if thad been shortened. Such 
processes carried on during many thousand generations 
in various ways, would create, an endless diversity of 
co-adapted structures •in the several parts of* the flpwer 
for the same general purpose. This view affords, I 
believe, the key which partly solves the problem of the. 
vast diversity of structure adapted for closely analogous 
ends in many large groups of organic beings* 

Tile more I study nature, the more I beconfe 
impressed with ever-increasing force, that the con-* 
trivances^and beaiftiful adaptations slowly aqfjuiitsd 
through each part •occasionally varying in a slight 
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degree but in many ways s preservation of those 

variations which were beneficial to* the organism under 
complex and ever-varying conditions of life, trahscend 
in an incomparable manner the contrivances and 
adaptations which the most fertile imagination of man 
could invent. 

The use of each trifling detail of structure is far 
from a barren search to those who believe in natural 
selection. When a paturalist casually 'takes up the 
study of an organic being, and does not investigate 
its whole life (imperfect though that study will ever 
be), he naturally doubts whether each trilling point 
can be of any use, or indeed whether it be due to any 
general law. Some naturalists believe that number- 
less structures have been created for the sake of mere 
variety and beauty, — much as a workman would make 
different patterns. I, for one, have often and often 
doubted .whether this or that detail of structure in 
many of the Orckideoe and other plants could be of 
any service ; yet, if of no good, these structures could 
not have been modelled by the natural preservation of 
useful variations^ such details can only be vaguely 
accounted for by the direct action of the conditions of 
life, or'the mysterious laws of correlated growth. 

To give nearly all the instances of trifling details 
of structure in the flow,ers of Orchids, which are cer- 
tainly of high importance, would be to recapitulate 
almost the whole of tfyie* volume. But I will recall 
to the reader’s* memory a few cases. I do not here refer 
to the fundamental framework of the plant, such as 
tl\Q remnants of the fifteen primary organs arranged 
alternately in the five whorls ; for* almost everyone who 
* believes r in the gradual evolution of species will .admit 
that t^cir presence i^due to inheritance fronj a remote 
parent-form. » Innumerable facts., with respect 'to the 
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uses of the variously. shaped and placed petals and 
sepals have been given. So again, the importance of 
as light difference in the shape of the caudiclo of the 
pollinium of the Bee Ophrys, compared with that of 
the other species of the same genus, has likewise been 
referred to; to this might bo added the doubly-bent 
caudicle of the Fly Ophrys. Indeed, the important 
relation of the length and shape of the caudicle, with 
re&rence to the position of the stigma, might be cited 
throughout many whole tribes. The solid projecting 
knob of the anther in Ejrijxwtis palustris, which does 
not include pollen, liberates the pollen-masses when it 
is moved by insects. In Gepliulautkera grandiflora ,' the 
upright position of the almost closed flower protects 
the slightly coherent pillars of pollen from disturb- 
ance. The length and elasticity of the filament of the 
anther in certain species of Dendrobium apparently 
serves for self-fertilisation, if insects fail ib transport 
the pollen-masses. The slight forward inclination of 
the crest of the rostellum in Listera prevents the 
anther-case being caught as soon as the viscid matter 
is ejected. The elasticity of the lip of the rostellum 
in Orchis causes it to spring up again when only one 
of the pollen-masses has been removed, thus keeping 
the second viscid disc readty for action, which otherwise 
would be wasted. No one who, had not studied Orchids 
would have suspected that these and very many ojher 
small details of structure were'tjf the highest importance 
to each species ; and that consequently, ff the species 
were exposed to new conditions of life, and ♦he structure 
of t^e several parts varied ever so little, tjie.small$§t 
details of structure might readily be acquired through 
natural selection. These cases afford a good bjsson of 
caution with respect 4o the importance of apparently 
trifling*particulars o^structure in other organic beings 
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It may naturally be inquiredf Why do the Orchidem 
exhibit' so many perfect contrivances for their fertili- 
sation ? From the observations of various, botanists 
and my own, I am sure that many other plants oft'er 
analogous adaptations of high perfection ; but it seems 
that they arc really more numerous and perfect with 
the Orchideje than with most 'other plants. To a 
certain extent this inquiry can be answered. As each 
ovule requires at least one, probably several, pollen- 
grains,* and as the seeds produced by Orchids are so 
inordinately numerous, we can see that it is necessary 
that large masses of pollen should be left on the stigma 
of each flower. Even in the Neotteie, which have 
granular pollen, with the grains tied together by weak 
threads, I have observed that considerable masses of 
pollen are generally left on the stigmas. This cir- 
cumstance apparently explains why the grains cohere 
in packets or large waxy masses, as they do in so 
many tribes, namely, to prevent waste in the act of 
transportfil. The flowers of most plants produce pollen 
enough to fertilise several flowers, so as to allow of or to 
favour cross-fertilisation. But with the many Orchids 
which produce only two pollen-masses, and with seme of 
the Mulaxea) which produce only ong, the pollen from 
a single flower cannot possibly fertilise more than two 
flowers or only a single, one ; and cases of this kind 
do jiot oucur, as I believe, im any other group of 
plants. If the Orchpl&e had elaborated as much 
pollen as*is produced by other plants, relatively to the 
numbemof seeds which they yield, they would have 
k$l to produce a most extravagant amount, and c this 
would have caused exhaustion . 1 Such exhaustion is 
avoided, by pollen not being produced in any_ great 

Gartner, ‘ Beitrage zur Kenntniss der PefrueLtung,’ 1844, p. 135."? 
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superfluity owing to the many special contrivances for 
its safe transportal from plant to plant, and for placing 
it secufely on tlie stigma. Thus we can understand 
why the Orchideai are more highly endowed in tlieir 
mechanism for cross-fertilisation, than are most other 
plants. 

In my work on the “Effects of Cross and Self 
Fertilisation in the Vegetable Kingdom,” I have shown 
that when flowers are cross-fertilised they generally 
receive pollen from a distinct plant and not that from 
another flower on the same plant ; a cross of this latter 
kind doing little or no good. I have further shown 
that the benefits derived from a cross between *two 
plants depends altogether on their differing some- 
what in constitution ; and there is much evidence that 
each individual seedling possesses its own peculiar 
constitution. The crossing of distinct plants of the 
same species is favoured or determined •in* various 
ways, as described in the above work, but chiefly 
by the prepotent action of pollen from, another 
plant over that from the same flower. Now with the 
Orchidete it is highly probable that. such prepotency 
prevails, for we know from the valuable observa- 
tions of Mr. Scot^ and Fritz Muller, * that with several 
Orchids pollen from thofr own flower is quite * im- 
potent, and is even in some .eases poisonous to the 
stigma. Besides this prepotency, the Orchidea? .pre- 
sent various special contrivance^ — such as the polfinia 
not assuming a proper position for striking the stigma 
until some time has elapsed after their rtunowal from ’ 
the anthers — the slow curving forwards and then bag^- 
wordsf of the rostellilm in Listera and Neottia — the 

* A full abstract of thefee ob- Domestication/ q)i. $vii. 2nd edit, 
servationais ®ven in my ‘ Vnria- vol. ii.^). 114. 
tioji of Aimnals and Plants •under 
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slow movement of the column from the labellum in 
Spiranthes — the dioecious condition of Gatasetum — 
the c fact of some species producing only * a* single 
flower, &c. — all render it certain or highly probable 
that the flowers are habitually fertilised with pollen 
from a distinct plant. 

That cross-fertilisation, to the complete exclusion of 
self-fertilisation, is the rule with the Orchidere, canpot 
be doubted from the facts already given in relation to 
many species in all the tribes throughout the world. 
1 could almost as soon believe that flowers in general 
were not adapted for the production of seeds, because 
there are a few plants which have never been known to 
yield seed, as that the flowers of the Orchidem are not 
as a general rule adapted so as to ensure cross-fertilisa- 
tion. Nevertheless, some species are regularly or often 
self-fertilised ; and I will now give a list of all the 
cases hitherto observed by myself and others. In some 
of these the flowers appear often to be fertilised by 
insects, but they are capable of fertilising themselves 
without aid, though in a more or less incomplete 
manner ; so that they do not remain utterly barren if 
insects fail to visit them. Under this head may be 
included three British species, naniely, Cephalanthera 
grahdiflora , Neottia nidus-hvis , and perhaps Liatera 
ovata. In South Africa Visa macrantha often fertilises 
itself; but Mr. AYeale believes that it is likewise cross- 
fertilised by moths. Three species belonging to the 
Jipidendreao * rarely open their flowers in the West 
Indies p nevertheless these flowers fertilise themselves, 
but it ic doubtful whether they are fully fertilised, 
for a large proportion of 'the seeds spontaneously pro- 
duced <by some members of this, tribe in a hpthouse 
Were, destitute of an embryo. Sofrne species of Dendro- 
bium, judging from their structure and froln their 
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yocasionally producing capsules under cultivation, 
likewise come under this head. 

Of species which regularly fertilise themselves with- 
out any aid and yield full-sized capsules, hardly any 
case is more striking than that of Ophrys apifera , which 
was advanced by me in the first edition of this work. 
To this case may now be added two other European 
plants, Orchis or Neotima Intacta jxnd Mpipactis viridi - 
jtora. Two North American species, Qymnadema 
tridmtata and Platanthera hyperhorea appear to be in 
the same predicament, but whether when self-fertilised 
they yield a full complement of capsules containing 
good seeds has not been ascertained. A curious 
Epidendrum in South Brazil which bears two additional 
anthers fertilises itself freely by their aid ; and Dendro - 
I/inm cretaceum has been known to produce perfect self- 
fertilised seeds in a hothouse in England. Lastly, 
Spiranthes australis and two species of Thalymitra, 
inhabitants of Australia, come under this same head. 
No doubt other cases will hereafter be added to this 
short list of about ten species which it appears can 
fertilise themselves fully, and of t about the same 
number of species which fertilise themselves imper- 
fectly when insects arc excluded. # 

It deserves especial attention that the flowers of all 
the above-named self-fertile species still retain various 
structures which it is impossible to doubt are adapted 
for insuring cross-fertilisatio , M, # though they are now 
rarely or never brought into play. We lnay therefore 
conclude that all these plants 'are defended from 
species or varieties which wore formerly fertilised J^y 
insect-aid. Moreovef, several of the genera to which 
those jjelf-fertile species belong, include other ^species, 
which ar^ incapable* of self-fertilisation.* Thelymitva 
offers Indeed the only instance known to me of t\y> 
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species yvithin the same genus Vhich regularly ferji; 
lise themselves. Considering such cases as those of 
Ophjrys, Disa, and Epidendmm, in which oifc species 
alone in the genus is capable of complete self-ferti- 
lisation, whilst the other species are rarely fertilised 
in any manner owing to the rarity of the visits of 
the proper insects; — bearing also in mind the large 
number of species in many parts of the world whifli 
from this same cause are seldom impregnated, we are 
led to believe that the above-named self-fertile plants 
formerly depended on the visits of insects for their 
fertilisation, and that from such visits failing they did 
not yield a sufficiency of seed and were verging towards 
extinction. Under these circumstances it is probable 
that they were gradually modified, so as to become 
more or less completely self-fertile; for it would 
manifestly bo more advantageous to a plant to pro- 
duce self-fertilised seeds rather than none at all or 
extremely few seeds. Whether any species which is 
now never cross-fertilised will be able to resist the 
evil effects of long-continued self-fertilisation, so as to 
survive for as long an average period as the other 
species of the same genera which arc habitually cross- 
fertilised, cannot of course be told. Hut Ophnjx apifera 
is still a highly vigorous plant, and Gyninadenia triihu- 
tata and Platanthera hyperlarea arc said by Asa Gray 
to ^>c common plants in North America. It is indeed 
possible that these self-fertile species may revert in 
thp course o'f time to what was undoubtedly their 
pristine" condition, and in this case their various adap- 
tations for .cross-fertilisation would be again brought 
into action. We may believe that such reversion is 
possible, when we hear from Mr. Moggridgp that 
Ophrys sedopax fertilises itself freely in ope district 
•af Southern- France without th« aid of -insects, and 
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is completely sterile without such aid in another 
ifistrict. 

Finally, if we consider how precious a substance 
pollen is, and what care has been bestowefl on 
its elaboration and on the accessory parts in the 
Orcliidcm, — considering how large an amount is 
necessary for the impregnation of the almost innumer- 
e seeds produced by tht‘se plants, — considering that 
the anther stands (dose behind, or above the stigma., 
self-fertilisation would have been an incomparably 
safer and easier process than tin * transportal of pollen 
from ilower to flower. Unless we bear in mind the 
good effects which have been proved to follow in Ynost. 
cases from cross-fertilisation, it is an .astonishing fact 
that the ilowers of the Orcliidea? should not have been 
regularly self-fertilised. It apparently demonstrates 
that there? must be something injurious in this latter 
process, of which fact I have elsewhere £iw*n direct 
proof. It is hardly an exaggeration to say that Nature 
tells us, in the most emphatic manner, that, {die abhors 
perpetual self-fertilisation. 
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| polling, 157, 159 
j Megaehnium falcatum , labellum of. 

I 138 

| Meniiyrc M., on insects visiting Or- 
| chids, 30 ; secretion of nectar by 
Coryunthex , 173; movement, of 
# Gataxdnrn , 187, 191 ; the nectar- 
receptaclc, 2G9 
Mirrostylus rhcdii\ \32, 13^ 

9 Miltonia clouwxii , pollinia of, 154, 
155 • 

Modifications in Orchids, 246 
Moggridge, J. V mheigic, on Ophryx 
# xcolopax, 52,292; Ophryx apif&ra, 
5G, 58, 59; •flowering tin 

S Ophme, 59 . • 

Monachanthvs viridix , 19G, 197, 198, 
k 201 . • 1 
More. Mr. A. Q., 911 fertility of Bee 
Opnrys, 55 ; Epipactfb paluxtrix, 
39, 97, 99 ; obligations to, lOjj • 
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Mormodeg ignea , Structure of flower, 
208-219; ,viscid secretion, 249; 
use of label him, 270, 288 

Itixatft , 219 

on Vanilla aroma tina, 91 
Moths with attached pollinia, 21, 
30, 31 ; intellect of, 87 
Movements of pollinia, 271 
Muller, Fritz, on Epidendrc.r , 1 48 ; 
polliuinm of Ornithncephalm , 159, 
100; Sphinx moth, 103; con- 
tracted stigma, 171, 172; pvulcs 
of JCfddmdm ;■ and Vanda a?, 173 ; 
Catasduin mentosum , 200 ; ( ,broc- 
tem of the Oncidium secreting 
nectar, 200 ; labellum gnawed by 
insects 271 ; number of seeds in 
capsule of Maxillaria , 278 ; num- 
ber of OrohideiB in South Brazil, 
279; # tlio nrchidcous tribes failing 
to be fertilised, 280 ; prepotency 
of pollen, 289 

— , Hermann, on fertilisation of j 
Or dm mascula, 13; boos visiting • 
the flowers of Orchis latifolia , j 
10 ; Nigritclla anguslifolia, 27 ; i 
fertilisation of Orchids, 29; in- : 
sects puncdiriug laburnum llow- 
ers, 41 ; Gymnadenia odoratis - 
sima, 08 ; Ilahmaria bifolia ; 
and chhrravtlia, 74; KpipacMs 
ruhigirum , microphylla , and viri- 
dijlora , 102 ; Neottia nidus-avis , 
125 ; Cypripedium culcedus, 231 ; \ 
secretion of nectar, 207 | 

Musk Orclps, structure of flower, 
59 

Myanthm harhatus , 192, 199, *'203; 
quite sterile, 20.) 

Nectar, secretion of, by British 
Ophrqft 37, #9 ; in foreign Or* 
chide, v 229 ; from bracterc, 229 
Nectary cut off to *est the intel- 
lect of moths, 37 ; length of, in 
Angrxcuni sesquip *>. dale , 205 
Neorinia e dad a, 27, 291 
Neotty 1 , 93 ; wsse’s of, 241 
Neottia nidus-avis, 125; pollen- j 
tubes, 258 ; partially sell-fertile, | 
*290 

Nevtyl, Lady Dorothy, obligations 
to, 129 * 

Nieotiana . stigma 0f. 249 


| Xigritdla august if alia* 27 
j Xotyfia, contracted stigma. 171, 

Odontoglossum , 150 
Oliver, Prof., obligations io, r~.» 
Oncidium , fiolliniu, 153, 150, 158; 
vessels of, 239; viscidity, '*£51 ; 
bra etc a) secreting nectir, 200 

nnguiculatum , development of 

cnudidcs, 252 
Ophre.se, 0; vessels of, 241 
Ophrys apifrra, structure of flower, 
52 ; fertility of, 54-58; pollen, 
259; self-fertilisation, 279, 291 

arachnites, 51 

— — aranifera , 50 ; imperfect fer- 
tilisation, 280 

muscifera , transplanted. 32 : 

structure, 45 ; fertility, 49; sell- 
sterile, imperfectly fertilised by 
insects, 280 

scolopax , 52, 292 

Orchidew , modifications in, 240 
Orchis fmea, 15; imperfect fertili- 
sation. 35 ; secretion of nectar. 37 
hircina, 25; nectary, 39; move- 
ment of |K>llinia, 273 
latifolia . 15 ; imperfect fer- 
tilisation, 35 ; secretion of nectar, 
37 ; two distinct dbes. 255 

macuJata , 15, 34 ; transplanted, 

32; imperfect fertilisation, 35; 
secretion of nectar, 37, 39; two 
distinct discs, 255 ; rostellum, 
255 ; number of seeds, 277, 278 ; 
Orchis mascula , structure of flower, 
G; movement of pollinia, 273 ; 
* number of pollen-grains, 278 
militarist , sterility of, 30; se- 
cretion of nectar, 37 

morio, 15, 128; fertility of, in 

cold' season, 33; secretion of 
nectar, 37, 39; number of pollen- 
grains, 278 

pyramidalis, structure of 

flower, 16; movements of pollinia, 
21, 272, 273 ; fertility in different 
stations, 34; secretion ol' nuctar, 
37, 39 ; monstrous flowi rs, 38 ; 
single disc, 254; rostellum, 250; 
pollen-grains, 2il0, 20.1 ^contriv- 
ances for its fertilisation, 204 
- ustulata , 25 

Organs, 'gradation cf. 247" 
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OmithoccphUux , ICO 

Ovana of Orchids, 284 

Oxenden, JTr. G. C., obligations to, 

2f) ; on Epffta^u purpurata , 102 

ParfiLt, Mr., on attached pollinia, 31 ! 
Parker, Mr. Ji., obligations to, 120 j 
Pedicel of polliuium, 253; elasticity i 
of, 283 

Percy, L)r., analysis of labellum of 
Ttfrirmi, 270 

Per Stylus viridit, sRretion of nectur, 
43, C3 ; rostcllum, 255 : 

Piitals, uses of, 274 
Phaiux, 146 ' 

gmndifolius , 280 

riuilanopxi «, viscidity of stigma, 
153; movement of polliiiia, 150 ; 
labellum, 27C 

amahilU, 150 

grandijlora , 159 ; projection of 

labellum, 2C9 
Platanthera, 75 

chlorantha , C9 

iUlataia, 77 

Jlam, 70, 77 

hoakfiri , 75 

hyperborea , 70; self-fertile, 201 

Ple.iirothalUs Ugulata , 135 

prolifara , 135 

I'ogwria ophiogloMoide * , 80 
Pollen-mosses, rudimentary in Mowo- 
chaidltnx, 201; gradation of, 257, 
288 

Pollen-tubes emitted from anther, 
258 

Polliiiia, movements of, in Orchif 
maxcula, 12-15; in O. pyrami - 
:iWiK, 21 ; of tile V arnica 154 
of Cat<wetum, ejection of, 184 
attachment to rostellum, *>251 
gradation, 257; moveniuuts, 271 
PteroslyUx , nectary of, 232 


Rohrbacli, Dr., on Rpypogium *gmc- 
lini , 103 

Rostellum, a single or£un in the 
Ophrcx , 45; m the 
150 ; aborted, 242 ; gradation of, 
247 ; of Apostaxia, 248 ; diversity 
of structure, 250; crest of, in 
the Ojthrew, 255 ; in Cutuxetum, 
250 

Rucker, Mr., obligations to. 129, 
180, 192, 208 

• 

Saccohibitm , viscidity of stigma, 
153,156 

Saint-Hilnire, A. de, on pollen of 
Orchids, 259 

Sarcanthux , labellum of, 270 

, purixhiL 142 

i teretifdUus, , polliiiia of, 154, 

150; viscidity, 208 
ScheinxafMvfotm, 37 
Sohoiuburgk, Sir K., on Calasetum, 
190 

Scott. Mr., on flowers of Aeropera , 
108, 172; r f Gongtvra , 109; nec- 
tar-receptacle, g^9; number of 
seeds in capsule of Mropera , 278 ; 
prepotency of pollen. 289 
Scuddcr, Mr., on Pogouia ophio 
ghmoidex , 80 • 

Secretion of nectar, 30, 229, 205 
Seeds, production and number of, 
270, TQ 

Selmipedium pdlmifolium , 232 
Self-feitilisation, simnn^y on* 293 
Sepals, uses of, 274 
SmijXas cordigern , 27 
Sexes of Orchids, 190 
Smith, Sir dames, on position of 
•flowers in Malaxis , 129 

, Mr. (4. Ifi., bee^jrisiting 

•the Bee Ophrys, 5o 
Sotlralia mwru^tha , 91 


longiflom , 87, 89 

■ trullifolia. 86, 88 ; imperfect 
fertilisation in New Zealand, 280 

Rodger^ Mr., obligations to, 12$-,- 
on Myantliux and Monochanthux , 
196; kjeretion of nectar in Or- 
chids, 265 ; in Vanilla, *2(36 
Rodriguezui x+unda, 159 

xuaveolenx , jnovemeut of pol- 

lania, 156,159 


Sophronitix. 140 
Spider Ophrys, §0 ~ 

Spimnthex australis , 1 H>iabellim, 

* 275 ; self-fertile, 291 9 1 

— auiumrtalix , structure of noyver, 
100-1 14 ; vessels of, 239 * 
ccrr{ua< 111 

gracilis, 11J , . 

Sprengel, G. K., on fertiflsation of 
Orchis militaflx , 86; Becrdiiou 
of nectar by Of|pliis, 36 ; *)n Ppi-% 
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pactis tali folia, 101 ; Listera , 
llf>, 123 ; colour* attracting in 
sects, 21r5; .value of his \voik, 

Stamens in Orchids, 242 
Stanhopea, pollinia of, 155; label- 
luui, 270 

devonienm , 171 

ocuhita , 171 

Stelix, use of the sepals, 274 

ra&mijfora, 185 

Sterility of English Orchids, 55 
Stigma, viscidity of, in the Yandex, 
152; utriouli, 197; gradation, 
248 ; structure, 249 
Sti pa, movements of, 273 
Structure, diversity of, 282, 285 
Structure, importance of trifling 
details, 286, 287 

Thdymitra , self- fertile, 291 

carom, 127; self-fertile, 280 

ioinjtjiora , 127 

Thomson, U. 15., on Gooh^ra 
rejnms, 105 

Tilley, 11. A., on Vanilla aromatica 
91 

Trevelyan, Sir C., on Bombus with 
attached polh n-masses from Catl- 
leya , 145 , 

Trevimnus on the secretion of 
nectar, 41 ; on Bee Oplirys, 56 
Trimen, 11., obligations Jo. 40 ; on 
Homtca Hpechm, 76, 77 ; Dixa 
yrzmlijlrra , 77, 78 


Turifbull, Mr., obligations to, 129 

Tway-blude, 115 

Uroprdium, 2*9 

Utriculi of stigma," "97, 218 

Yandex, 156 

, structure of, 149; ljollinia, 

253.258 

Vanilla aromatica, 90. 

Vanillideir, 90; few seed capsules 
produced, 28 l i ,i 

Veiteli, Mr. J., obligations to, 129. 
180, 2*20 

Vessels, spiral, of Orchids, 235 

Viscidity of disc in British Ophrooi, 
35 ; in Cat axe ium, 190 
— of rostcllum and stigma, 218, 
249 

! Wacteher on fertilisation of the 

| Orchids, 2 

Walker, Mr. F., obligations to, 100 

Wallis, Mr., obligations to, 129 

Warrca, 155; analysis of label] uni, 
270 

I Wealc, J. Mansell, on /fabenaria , 
76; liouateu, 77 ; Dim and />/*- 
perix, 78 ; Dixa mnerantha , 290 

Weddell, Dr., on hybrids of Accra*, 
26 

Wright, Mr. C., on the movement 
of pollinia, 156 

j / ygopdulum maid; at, 155 
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- e «. e 

— (The Student’s Gibbon) ; Being an Epitome A" the 
above work, incorporating the Researches of Keofcnt Commentators. By 
Df.Wx. Smita. Woodcuts. Post8vo. 7«. 6d. 
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GIFFARD’S (Edward) Deeds of Naval Daring ; or, Anecdotal of 
* the British Navy. Fcap.8vo. 8a. 6d. A “ 

GLADSTONE’S (W. E.) Financial Statements of ^53, 1860, &3-65., 
8vo. 12s. ./ ^ 

.£ •Rome and the Newest Fashions in Iuiigion. 

Three Tracts. Collected Edition. With a new Preface. 8vo / 7*. 6 d. 

GLEIG'S (G. R.) Campaigns of the British Army at Washington 
and New OrleanB. Pont 8vo. 2s. / 

— Story of the Battle of Waterloo. Post 8vo. 3s. 6d. 

Narrative of Sale’s Brigade in Afghanistan. PoBt 8vo. 2s, 

KTe of Lord Clive. Post &vo. 3s. 6d. a 

Sir Thomas Munro. Post 8vo. 3s. 6c2. 

GOLDSMITH’S (Oliver) Works. Edited with Notes by Peter 

Cunningham. Vignettes. 4 Vols. 8vo. 30s. 

GORDON’S (Sw Alex.) Sketches of German Life, and SceneB 

from the War of Liberation. Post8vo. 3i. Bd. 

(Lady Dorr) Amber-Witch: A Trial for Witch- 
craft. Post 8vo. 24. e* 

— French in Algiers. 1. The Soldier of the Foreign 

Lotion. 2. The Prisoners of Abd-el-Kadir. Boat 8vo. 2a. 
GRAMMARS. See Cortius ; Hall ; Hutton ; Kino Edward ; 

Matthu:; Maetzxkb; Smith. 

GREECE. See Grote— Smith— Student. 

GREY’S (Earl) Correspondence with King William IVth and 
Sir Herbert Taylor, from 1830 to 1832. 2 Vols. Svo^ 80s. 

Parliamentary Government and* Reffirm ; with 

Suggestions for the Improvement » * oar Representative System. 
Second Edition. 8vo. 

GUIZOT’S (M.) Meditations on Christianity, and on«the Religions 
Questions of the Day. 3 Vols. Posts v». sh 
GROTE’S (Geohob) History of Greece. From the Earliest Times 

to the close of the generation contemporsfy with the death of Alexander 
the Great.. Library Edition. Portrait, Maps, and Plans. lOdTols. 8vo. 
120 j. Unbind Edition. Portrait and Plans. 12 Vols. Post 8vo. 6s. each. 

Plato, and other Companions of Socrates. 3 Y <#£ 8fU. 4 5s. 

Aristotle. 2 Vols. 8vo. *32*. . 9 

- Minor Works, * With Critical Remarks on his 
Intellectual Character, Writings, and Speeches. By Alex.U ain, LklEr 
Portrait, 8ro. 14*. 9 

Fragments on Ethical Subjects. Being a SelectWh from 

1> s Posthumous Papers. With an Introduction. «By AiAandkk 
Bain, M.A. 8vo. • 9 

— Pcrson&l Life. Compiled from iftmil/ Documents, 

Private Memoranda, and Original Letters to and from ftaiou*. 
Friends. By Mrs. Grote. Portrait. 8vo. 12# •» 

(Mes.) b Memoir of A^y Scheffer. Portrait. 8vo.* 8s. (M. 

HALL’S (T. D.) Sohool Manual of English' drammar. Vith 

Copious Exercises. 12mo. 3*. 6rf. * • 

— Primary^ English Grammar for ElcmentaylSchoolsi 

IGmo. U. • • ‘ 

Child’s First Latin Book, including a* Systematic Treat- 
ment of the Neir Pronunciation, and a fullPraxii of Nouns, Adjec- 
tives. and Pronouns: lfimo. 1*. 6 d. 


LIST OFjJWORKS 


HAVLAM’S (Henry) Constitutional History of England, from tho 
. Accfesion of Henry the Seventh to the Death of George the Jjeqgrid. 
\ Library Edition. 3 Vole. Svo. 30s, Cabinet Edition, 3 Vole. Post 810.12#. 

M — Student’s Edition of the above york. Rented by 

\Vm. Smith, D.C.L. Postfivo. 7#.6<f. 

History of Europe during the Middle Ages. Library 

Edison. SVolfl. Svo. 80#. Cabinet Edition, 3 Vola. Post8vo. 12#. 

Student’s Edition of the above work. Edited by 

W«. Smith, D.C.L. Post Svo. 7#. 6 <i. 

Literary History of Europe, during the 15th, 16th and 

17fh Centnripn. Library AH lion. 3 Vols. 8vo. 86#. Cti'net Edition. 
4 Vole. Yost Svo. 

— (Arthur) Literary Remains; in Verse and Prose. 

Portrait. Fcap. Svo. 8a 6rf. 

HAMILTON’S (Gin. SirF. W.) History of the Grenadier Guards. 

From Oripinnl Documents in the Rolls’ Records, Waf Olftcc, Regimental 
Records, &c. Willi Illustrations. 3 Vols. Svo. 68#. 

^IART® ARMY LIST. ( Published Quarterly and Annually.) 
HATS (Sir J. H. Drummond) Western Barbary, its Wild Tribes 

and Savage Animals. Post 8vo. 2#. 

HEAD’S (Sir Franois) Royal Engineer. Illustrations. 8vo. 12#. 

Life of Sir John Burgoync. Post 8vo. 1#. 

Rapid JourneyB across the Pampas. Tost 8vo. 2#. 

■ Bubbles from the Brunnen of Nassau. Illustrations. 

Post 8vo. |,7#. 6 d. 

Enftgraxt. Fcap. 8vo. 2#. 6d. 

Stokers and Pokers ; or, the London and North Western 

Railway. Post 8vo. 2#. 

(Sir .Edmund) Shall and Will; or, Future Auxiliary 

Fcap. Svo. 4#. 

) Journals in India. 2 Vols. Post 8vo. Is, 


Poetical Work! Portrait. Fcap. 8vo. 3#. 6 d, 

Hymns adapted to the Church Service. 16mo. 1#. 6d. 

HER8d(J¥US. A New English Version. Edited, with Notes 

and EsaayB, historical, fcfrmographical, and geogrlphical, by Canon 
Kawunbon, assisted by Sib Hknby JIawlinbon and Sib J.*G. Wa. 
r , kin bon. Maps and Woodcuts. 4 Vols. Svo. 46#. 

HERSCHEL'S (Caroline) Memoir and Correspondence. By 
^ba. Jong Hekschbl. With Portraits. Crown 8vo. 
HATB^RLEY’S (Lord) Continuity of Scripture, as Declared 

' by the Testimony of nor Losd Mad of the Evangelista and Apostles. 
8vo. (1st Fojfklar Edition. Post 8vo. 2». 6 d. 

JJOLEWAY’S (,T. G.) Month in Norway. Fcap. 8vo. 2 Is. 

HpNEY BEE. 6y Rev. Thomas James. Fcap. 8vo. 1a 
HOOK'S' (Dean) cChurch Dictionary. 8vo. 16s; 

■ ■ V ' « (Thmodobb) Life. By J. Gf Lookhar*. Fcap. 8vo. Is. > 
HOPE’S |(T V C.) Arohitectur^op Ahmedabad, with Histo^cal 
Sketch and Architectural Notes. With Man Photographs, ad 
( « Woodcuts., 4 V>. 62. 6#. jj 

\A. J. Berespord) Worship in the Chnrch of Enjjlaiid. 

8vi t U#.^or, Popula^ Selections from. 8vo, 2 t.6d. 1 
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FOREIGN HANDBOOKS. 

BlAMD-BOOK— TRAVEL-TALK. English, French, German, ami* 

Italian. 18mo. 8«.6d. • ^ 

IfOLLAND, — B elgium, Rhenish Prussia, and the 

Rhine from Holland to Mayence. Map and Plans. Pont bv§. 6s. 

— NORTH GERMANY, — From the Bnkic to the 

Block Forc'd, the Hart*. ThUringerwaW, Saxon SwitxOTland. RUcon, 
tin; Giant Mountains, Taiinus, Odemvald, and the Rhine Countries, 
from Frankfort to Basle. Map and i > iaus. Post 8vo. 6s. 

SOUTH GERMANY, — Wurtemburg, Bavaria, 

AiKria, Styrin, Salzburg, the Aust&ian and Bavarian Alps, Tyrol, Hun- 
gary, and tne Danube, from Ulm to the Black Sea. Map. Post 8vo. 10s. 

PAINTING. German, Flemish, and Dutch' Schools. 

Illustrations. 2 Volf*, Post Bvo. 24#. 

LIVES OF EARLY FLEMISH PAINTERS. By 

Cuowe a&d Cavalcasellk. Illustrations. Post Svo. 10a. M. 

SWITZERLAND, Alps of Savoy, and Piedmont. 

Maps. Post Svo. 9s. m 

FRANCE,- Part I. Normandy, Brittany, the French 

Alps, die Loire, the Seine, the Garonne, and the Pyrenees. Post Svo. 
7s. 6d. • 

— - Part II. Central France, Auvergne, the 

Cevennes, Burgundy, the Rhone and Saone, Provence, Niinos, Arles, 
Marseilles, the French Alps, Alsace, Lorralue, Champagne, dec. Maps. 
Post Bvo. 7s. M. 

MEDITERRANEAN ISLANDS— Malta, Corsica, 

Sardinia, and Sicily. Map#. Post 8vo. # [/a the Prem. 

- — ■ ALGERIA. Algiers, Coustaniinef Orsfll, the Atlas 

Range. Map. Post 8vo. 0s. 

— PARIS, and its Environs. Map. 16mo. 3s. 6c?. 

%* Murray’s Plan op Paris, mounted on canvas.^ 3s. 6rZ. 

SPAIN, Madrid, Tne CastileB, The Basque Provinces, 

Leon, The Asturias, Galicia, Extremadura, Andalusia, Honda, Granada, 
Murcia, Valencia, Catalonia, Aragon, Navarre, The Balearic Islands, 
<fcc. Ace. Maps. 2 Vols. Post 8vo. Sfts. 

PORTUGAL, Lisbon, Porto, Cintra, Mafra, Ac. 

Map. Post 8vo. 9s. • 

NORTH ITALY, JVirin, Milan, Cremona, the 

Italian Lakes, Bergamo, Brescia, Verona, Mantua, Vice* a, Padua, 
Ferrara, Bologna, R^tjnna, Rimini, Piacenza, Genoa, the Riviera, 
Venice, Parm*, Modena, and Romagna. Map. Post Svo. 10s. 

CENTRAL IT\LY, Florence, Lucca, Tuscany, ’The 

Marches, Umbria, and the late Patrimony of St. Peter's. Mag* Post Svo. 

10s. Cf ' # f 

ROME and lT&EjjrviBONS. Map. Post fvo. 10*. 

SOUTH ITALY, Two Sicilifb, Nhples, Pompeii? 

Herculaneum, and Vesuvius Map. Post Svo. 10s. * _ , 

KNAPSACK GUIDE TO ITALY. *6mo. 

— PAINTING. The Italian Schools. Illsxstratftras. 

2 Vols. Pbst 8vo. 30s. • • • • 

LIVES OF ITALIAN PAINTERS, from Chubue 

to Babbano. By Mrs. Jameson. Portraits. Post 8vo. 12s* 

8 NORWAY, Chrtetiania, Bergen, Trdbdljem. The 

Fjelds and VjAds. Map. Post 8pro. ***• * « ■ 1 

SWEDEN, Stockholm, Up sal S, Uothehburg, tie 

Shores of the Baltic, &c. Post Svo. Os. • • 

— 1 DENMARK, Sleswig, Holstein, Ofoenhagerf, JuflamL 

Iceland. Map. Post «vo. 6s. * 
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HAfcD-BOOK -RUSSIA, St. Petersburg, Moscow, Poland, and 
Fini&nd. Maps. Post 8vo. 15s. 

— - GBBECK, the Ionian Islands, Continental Gfrece, 

Athens, the Peloponnesus, the Islands of the Aegean Sea, Albania, 
Thessaly, and Macedonia. Maps. PostSvo. ltfs. 

— TURKEY IK A £IA— Constantinople, the Bos- 

phoms, Dardanelles, Brousa, Plain of Troy. Crete, Cyprus, Smyrna, 
Eplie»us, the Seven Churches, Coasts of the Black Sea, Armenia, 
Mesopotamia, &c. Maps. Post 8vo. 15a. 

— EGYPT, including Descriptions of the Course of 

the Nile through Egypt and Nubia, Alexandria, Cairo, and Thebes, the 
Suez Canal, the Pyramids* the Peninsula of biuui, the leases, the 
Fyoom, &c. Map. Post Svo. 15s 

.. HOLY LAND*— Syria, Palestine, Peninsula of 

Sinai, Edom, Syrian Deserts, Petra, Damascus, aud Palmyra. Maps. 
Post 8vo. 

*** Travelling Map of Palestine. In a case. ,12a. 

INDIA — Bombay and Madras. Map. 2 Yols. 

Post 8vo. 12s. each. 


ENGLISH HANDBOOKS. 

HAND-BOOK— MODERN LONDON. Map. 16mo. Ss. 6d. 
EASTERN COUETIES, Chelmsford, Harwich, Col- 

Chester, Maldon, Cambridge, Ely, Newmarket, Buiy St. Edmnuds, 
IpSwicli, Woodbridge. Felixstowe, Lowestoft, Norwich, Yarmouth, 
Cromer, Ac. Map and Plans. PostBvo. Via. 

CATHEDRALS of Oxford, Peterborough, Norwich, 

Ely, Aid Lincoln. With 90 Illustrations. Crown 8vo. IBs. 

KENT AND SUSSEX, Canterbury, Dover, Rams- 
gate. Slieerness, Rochester. Chatham, Woolwich, Brighton, Chichester, 
Worthing. Hastings. Lewes. Arundel, Ac. Map. Post 8vo. 10a. 

SURREY AND HANTS, Kingston, Croydon, Rei- 

gate, Guildford, Dnrkirg, lhxliill, Winchester, Southampton, New 
Forest, Portsmouth, and Isle of Wight. Maps. Post 8vo. 10a. 

BERKS, BUCKS, AND OXON, Windsor, Eton, 

Reading, Aylesbury. Uxbridge, Wycombe, Henley, the City and Uni- 
c : -*£ of (Oxford, Blenheim, and the Descent of the TliameB. Map. 

----- °WILTS, DORSET, AND SOMERSET, Salisbury, 

Chippenham, Weymouth. Sherborne, V^lls, Bath, Bristol, Taunton, 
i &c. Map. Post 8vo. 10*. 

— : DEVON AND CORNWALL, Exeter, Ilfracombe, 

Li-tfon, Sidiponth, Dawlish, Tei&Vunouth, Plymouth, Devonport, Tor- 
quay , Launceston, Truro, Penzance, Falmout*', the Lizard, Land’s End, 
2rt. Map*. Pont 8 vo. 12a. 

CATHEDRALS of Winchester, Salisbury, Exeter, 

Wells, ChYchester, Rochester, Canterbury. With 110 Illustrations, 
rvols. Crown 8vo. 24a. * 

» GLOUCESTER, HEREFORD, and WORCESTER, 

c Cifonoester, Cheltenham, Stroud, Tewkesbury, Leominster, Ross, Mai- 
** r.yern, Kidderminster, Dudley, Bromsgrove, Evesham. Map. Post8vo. 9a. 

-r*. CATHEDRALS of Bristol, Gloucester, Hereford, 

Worcester, and Lichfield. With 50 Illustrations. Crown 8vo. 16a. 

U— N ORTH W A LES^o Bangor, Carnarvon, BeaumafA* 

Snowdon, Llanberis, Dolgells, Cader Idris, C da way, Ac. Map. PosU 
" 8?o. C7 a 4 ® T 

SOUTH WALES, Monmouth, Llandaff, Merltiyf, 

r Va’eof Neath, Pembroke, Carmarthen, Tenby, SWansea, and The Wye, 
&e. Map. Pttst 8vo. 7a. 
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HAND-BOOK— CATHEDRALS OF BANGOR, ST. AslPH, 

| Llandaff, and St. David's. With Illustrations. Post 8vfl. 16a. ^ 

® DERBY, NOTTS, LEICESTER, STAFFOR&f' 

* Matlock, Bakewell. Chatsworth, The Peak, Buxton, HardlMck, Dot% , 
Dale, Ashborne, Southwell, Mansfield, Retford, Barton, Belvolr, Melton 
Mowbray, Wolverhampton, Lichfield, Walsall, Taawqtfth. Map. 
Poet Bvo. 9a. / 

SHROPSHIRE, CHESHIRE and LANCASHIRE 


— ShrewBbu 
Stockrx 
Burnlc 

Ifneaster, Southport, Blackpool, Ac. Map. Post'8vo. 10a'. 

YORKSHIRE, Doncaster, Hull, Sdlby, Beverley, 

Scarborough, Whitby, Harrogate, -Klpon, Leeds, Wakefield, Bradford, 
Haliffcx, HndderRfield, Sheffield. Map and Plana. Post 8vo» 18a. 

CATHEDRALS of York, Ripon, Durham, Carlisle, 

Chester, sod Manchester. With 60 Illustrations. 8 Vole. Crown 8vo. 

DURHAM AND NORTHUMBERLAND, New- 


castle, Darlington, Gateshead, Bishop Auckland, Stockton, H*rtlepc£&, 
Sunderland, Shields, Berwick-on-Tweed, Morpeth, Tynemouth, Cold- 
stream, Alnwick, &o. Map. Post8vo. 9a. 

WESTMORLAND ahd CUMBERLAND— Lan- 
caster, Fnrness Abbey, Ambleside, Kendal, Windermere, Coniston, 
Keswick, Grasmere, Ulswater, Carlisle, Cockermouth, Penrith, Appleby. 
Map. Poet 8vo. 6«. 

•♦•'Muhbat’b Map op the Lakh District, on canvas. 8t. 8i 


SCOTLAND, Edinburgh, Melrose, Kelao, Glasgow, 

Dumfries, Avr, Stirling, Arran, The Clyde, Ofctu, Inverary, Loch 
Lomond, Loch Katrine and Trogsachs, Caledonidb Canal, Inverness, 
Perth, Dundee, Aberdeen, Braemar, Skye, Caithness, Roes, Bather-# 
land, Ac. Maps and Plans. Post 8vo. 9a. 

IRELAND, Dublin, Belfast, Donegal, Galway, 

Wexford, Cork, Limerick, Waterford, Killarney, Milhster, Ac. Maps. • 
Post 8vo. 18*. 

HORACE ; a New Edition of the Text. Edited by Diai Milmah. 
With 100 Woodcuts. Crown 8vo. 7*. M. 

Life of. By Dean Milmah. Illustrations. 8vo. 9 a 

HOUGHTON'S (Lord) Monographs, Yol. I., Personals J9#"SociaL 

With Pogralts. Crown Bvo. 10*. %i. 

Foetioal Woeks. Collected Edition. With Por- 
trait. SVola Fcap.fvo. 12*. — 

HUME’S (The Student’s) History of England, from the Inva- 
sion of Julius Cesar to the Revolution of 1688. Corrected and con- 
tinued to 1868. Woodcuts. Post 8 vo. 7 *.6dL * ^ 

HUTCHINSON (Geh!j, on the most expeditious, certgfh, and 
easy Method of Dog-Breakifcge With 40 Illustrations. Crown 8vo. 
9*. 9 

HUTTON’S (H.E.) Principia Gwecrf; an Introduction to tH& Study 

of Greek. Comprehending Grammar, Delecfta, andMBxeietse-book, 
with Vocabularies. Sixth Edition. 12mo. 8*. 6d. . y e 

IRBY AND MANGLES’ Travels in Egypt, Nubia, Syria, %nd 
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LIST OF WORKS 


HOME AJjTD COLONIAL LIBRARY. A Series of Works 

adapted for all circled and cladded of Readers, having been deject 4 
far their acknowledged Interest, and ability of the Anthora. Poa* 8vo. 
Flblidhed at 8a. and 8a. 04 each, and arranged nnder two distinctive 
heads as follows ^ * 

r CLASS A. 


HISTORY, BIOGRAPHY, 

SIEGE OF GIBRALTAR. By 

Jomr PhINKWATKR. 8 8. 

9. THE AMB^R WITCH. iy 
Lady Puff Gordon. 8s. 

8. CROMWELL AND Bl T N YAK. 
By Robert South* y. 2a. 

4. LIFE of Sir FRANCIS DRAKE. 

By Johr Barrow. 2a 

5. CAMPAIGNS AT WASHING- 

TON By Rev. G. R. Glkto. 2a. 

8. THE* FRENCH IN ALGIERS. 
By Lady Duff Gordon 2a 

7. THE FALL OF THE'jESUITS. 

2a. 

8. LIVONIAN TALES. 2a. 

9. LIFE OF CONPft By Lord Ma- 

son 8a. 8 d. 

10. SALE’S BRIGADE. By Riy. 
G. R. Gfrfiio. Sa. 


AND HISTORIC TALES. 

11. TnE SIEGES OF VIENNA. 

By Lord Ellesmere. 2a. 

12. THE WAYSIDE CPOSS. By 

Capt. Milk an. 2a. ** 

13. SKETCHES op GERMAN LIFE. 

By Sib A. Gordon. 8a. 64 
14 THE BATTLE of WATERLOO. 

By Riy. G. R.,Gleiq. 8a. 64 

15. AUTOBIOGRAPHY OF STEF- 
FENS. 2a. 

lfl. THE BRITISH POETS. By 
Tboxab Campbell 8a. 64 

17. HISTORICAL ESSAYS. By 

Loan Mahon. 8a. 64 

18. LIFE OF LORD CLIVE. By 

Rav. G. R. Glkto. 8a. 64 

19. NORTH - WESTERN RAIL- 

WAY. By Sir F. B. Hkad. 9a. 

20 LIFE OF MUNRO. By Rky. G. 
R. Glkio. 8a. 64 


CLASS B. 

VOYAGES, TRAVELS, AND ADVENTURES. 


16 LETTERS FROM MADRA3. By 

a Lady. 9a. 


1. BIBLE IN SPAIN. By George 
Borrow 8a. 6d c 

9. GYPSI ES of SPA IN By George 
»a. 64 

8 A 4. JOURNALS IN INDIA. £y 
Bisqop IIrrkr 2 Vole. 7a. 

6. TRAVELS in i hr HOLY LAND. 

. By lam and M angles. 2a. 

6. MOROCCO AND THE MOORS. 

By baI>RiiMM<«ND Hay. 2a. 

7. LEffERS FROM the BALTIC. 

By a Lady. 2a. m 

& NEW S()UTV» WALES. By Mbs. 
t Meredith. 2a. a 

*9." THE WEST INDIES. By M G. 

< Lew v/i. , 2a 

10. k!t$TCHE» OFV PERSIA. By 
, Sib John M altolm 8a. 6 4 

11. MEMOIRS OF FATHER RIPA. 

a 9a. P C ** 

B A «. TYPEE AND OMOO. By 
§ %Ibbm{VM MeSyk.lx, SVols. ia. 

14. MISSIONARY dJFB IN CAN- 
••AD/ By Key J. Abbott. 9a. 


16. HIGHLAND SPORTS. By 

Charles St. John 8a. 64 

17. PAMPAS JOURNEYS. By Sib 

F. B. Head. %a. 

18 GATHERINGS FROM SPAIN. 
By Richard Ford 8a. 04 

' 19. THE RIVER AMAZON. By 
W. H. Edwards. 9a. 

JO. MANNERS A CUSTOMS OF 
w INDIA. By Bey. C. Aolawd 9a. 

21. ADVENTURES IN MEXICO. 

By G. F. Buxton. 8a. 64 

22. PORTUGAL AND GALLICIA. 
« By Lobd Carnarvon 8a 64 

98. RUSH UFE IN AUSTRALIA. 
By Rev. H. W. Ha toasts. Sa. 

94. THE LIBYAN DESERT. ^ By 

Bayli^t^John 9a 

95. SIERRA LEONE. By A Lady. 

e 


V Each work, may be had separately. 
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JAMESON'S (Maq.) Lives of the Early Italian Painters— 

• and the Progress of Painting In Italy— Cimabue to BSssano. With- 

* BO Portraits’ Post 8vo. 12«. m 

JENNINGS’ (L. J.) Eighty Years of Republican Government im 

"the United<9tatea. Post 8ro. 10«. 6d. 

JERVIS'S (Bsv. W. H.) Gallican Church, from Ahe Con- 
cordat of Bologna, 1516, to the Revolution. With an introduction. 
Portraits. 8 Vols. 8vo. 28s. f 

JESSE'S (Edward) Gleanings in Natural History. .Fcp.8vo. 3 *. 6 d. 
JEX-BL ARE’S (Rev. T. W.) Life in Faith: Sermons Preached 

at Cheltenham and Rugby. Kraft. 8vo. 

JOHNS^Rbv. B. G.) Blind People f their Works aifd WayB. With 
Sketches of the Lives of some famous Bllud Men. With Illustrations. 
PostSvo. 7s. 6 d. * 

JOHNSON'S (Da. Samuel) Life. By James Boswell. Including 

the Tout; to the Hebrides. Edited by Mr. C roues. New Edition. 
Portraits. 4 Yols. Bvo. [Tn Preparation. 

Lives of the most eminent English Poets, with 

Critical Observations on their Works. Edited with Notes, Oerrectife 
and Explanatory, by Pktbb Cunningham. 8 vols. 8vo. 22s. 64. 

JUNIUS’ Handwriting Professionally investigated. Bjr Mr. Chabot, 
Expert. With Preface and Collateral Evidence, by the Hon. Edward 

Twibleton. With Facsimiles, Woodcuts, &c. 4to. £3 St . 

KEN’S (Bishop) Life. By a Layman, Portrait. 2 Yols. 8vo. 18s. 
— » Exposition of the Apostles' Creed. 18mo. 1*. 6d. 

KERR'S (Robert) Gentlkman's House ; or, How to Plan Eng- 
lish Rkbidkncrs from the Parsonage to ti9c Palace. With 
Views and Plans. 8vo. 24a. • 

■ Small Country House. . A Brief Practical Discourse on « 

the Planning of a Residence from 20002. to 60002. With Supple- 
mentary Estimates to 700U2. Post 8vo. 3a. 

Ancient Lights; a Book for Architects, Surveyors, 

Lawyers, and Landlords. 8vo. 5a. 6 d. 

(R. Malcolm) Student's Bl%ckstone. A Systematic 

Abridgment of the entice Commentaries, adapted to the present state 
of the law. Post 8vo. 7s. 64. 

RING EDWARD VIth’s Latin Grammar. 12mo. &>• 38T' 

- « First Laftn Book. 12mo. $d. 

KING GEORGE IIIrd'j Correspondence with Lord North. 

1769-82.. Edited, with Notes and Introduction, by Bodiiam Dosjft 
2 vole. 8vo. 82a. 

KING’S (R. J.) Archaeology, Travel and Art ; being Sketches and 

Studies, Historical .Rid Descriptive. 8vo. 12a. 9 -9 

KIRK’S (J. Foster) History oft diaries the Bold, Duke of Bur- 
gundy. Portrait. 8 Vols. 8vo. 45a, 9 * * 

KIRKE3’ Handbook of Physiology. Edited by W. MffihRAirv. 

Baker, P.K C.B. With 240 Illustrations. Pos&vo. 12*6 d. 
KUGLER’S Handbook of Painting. — The Italian Schools. JPe- 
ft vised and Remodelled from the most recent RelearShes. Bv^Lady 

Bastlakr. With 140 II lustftt ions. 2 Vols. Crown $ro. 80a. •* 

Handbook <»f Painting. —The German, Flemish*, and 

Dntch* Schools. Revised and i*%irt re-written. By J. a. CbowhI 
With 60 IUiisfatJbns. 9 Vols. Ongni 8vo. 21a. i 

LANE’S (E. W.) Account of the Manners and Cfestbms of Moaern - 
* "Egyptians. Wjjli Illustrations. 2 Vols. Post 8v« 12a 


SO LIST OF WORKS 

LAWRENCE'S (Sis Oio.) Reminiscences of Forty-three Yean’ 
Service In India ; including Captivities in Cabal among the Affghaix 
and among th; Bikhii, and a Narrative of the Mutiny in Rajpuuana. 
CwwnSvo. 10#. 64. 

LAYARD’S (A. H.) Nineveh and its Remain! Being { Nar- 
ralL^e of Researches and Discoveries amidst the Rains of Assyria. 
Wlf* an Aeoonnt of the Chaldean Christians of Kurdistan ; the Yeaedls. 
or Ddfil-worshippers ; and an Enquiry into the Manners and Arts of 
the Ancient Assyrians. Plates and Woodcuts. 8 Vols. 8vo. 86s. 

V A Popijlab Edition of the above work. With Illustrations. 
Post 8vo. 7a. 6 d. 

Nineveh and Ballon ; being the Narrative of Dis- 
coveries in the Ruins, with Travels In Armenia, Kurdistan and the 
Desert, during a Second Expedition to Assyria. With Map and 
Plates. 8vo. 81s. 

\* A Popular Edition of the above work. With Illustrations. 
Post 8vo. 7s. 6 d. 

LEATHES* (Stanley) Practical Hebrew Grammar. With the 

Hebrew Text of Genesis 1. — vi., and PsalmB i.— vi. Grammatical 
Analysis and Vocabulary. Post8vo. 7*. 6d. 

LENNEP’S (Rev. H. J. Yan) Missionary Travels in Asia Minor. 

With Illustration of Biblioal History and Archaeology. With Map 
and Woodcuts. 2 Void. Post 8vo. 24#. 

Modern Customs and Manners of Bible Lands in 

Illustration of Scripture. With Coloured Maps and 300 Illustrations. 
8 Vols. 8vo. 21s. 

LESLIE'S (C. R.) Handbook for Young Painters. With Illustra- 

tions. P<^)t 8vo. 7a. 6 d. 

•'Life **nd WorkB of Sir JoBhua Reynolds. Portraits 

and Illustrations. 2 Vols. Bvo. 42#. 

LETTERS Frox the Baltic. By a Lady. PoBt 8vo. 2 la, 

— Madras. By a Lady. Post 8vo. 2a. 

- Sierra Leone. By a Lady. Post 8vo. 8a. 6d. 

LEVI'S (Leone) History of British Commerce ; and of the Eco- 
nomic Progress of the Nation, from 1763 to 1870. 8vo. 16s. 

LIDDELL'S (Dean) Student’s History 1 of Rome, from the earliest 
to the establishment of the Empire. With Woodcuts. Post 6vo. 

LLOYB^S (W. Watkiss) History of Sicily to the l Athenian War ; 
.. with Elucidations of the Sicilian OdesVif Pindar. With Map. 8vo. 14a. 

LlS PINGS from LOW LATITUDES; or, the Journal of the Hon. 

Impulsia Gushing ton. Edited by, Lord Dufferin. With 24 Plates. 4to. 21a. 

LITTLis ARTHUR’S History of Bsql^vd. By Lady Call- 

Nm if no Edition, continued fa. 1872. W ith Woodcuts. Fcap. 8vo. 
1#. 6d. 1 * 

LI YIN GSTON E’ Sr (Dr.) Popular Account of his First Expedition 

-to Africa, 1840-56. Illustrations. PoBt 8vo. 7s 6 d. 

* — •Popular Account of his Second Expedition to 

fe Africa, 1868-64, Map and Illustrations. Post 8vo. 7 s.6d. 

* * Last Journals* in Central Africa, from 1865. 

to his Death. Continued by a Narrative of hie last mom< nts and auffer- 
k ingR. By Rev. Horace Wallkb. Maps and Illustrations. 2 Vols 
8A1. i 28 t . ^ . i 

lIVONIAN TALES. By im Author ofe“ iLetters from the 

* Baltic.” t*oei 8vo. 2a. •* 

LOCH’S (H. BA Personal Narrative of Events duringt Lord 

Elgin’s Sec^id Embassy to China. With lllustratiofis. Post 8vo. 9a. 
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LOCKHART’S (J. 0.) Ancient Spanish Ballade. Historical and 
Romantic. Translated! with Notes. With Portrait an£ Illustrations. 
Grown 8ro. 6 s. 

Life of Theodore Hook. Fcap.€vo. Is. • 

LONSDALE’S (Bishop) Life. With Selections from hisWritingfr' 

By E. B. Denison. With Portrait. Crown 8vo. 10s. M 
LOUDON'S (Mbs.) Gardening for Ladies. With directions 

udCtloidir of Opmtioiu for Every Month. Woodc/5. F^.Sto. 

LUCKNOW : A Lady’s Diary of the Siege. Fcap. 8vo. 4s. 6d. 
LYELL’S (Sib Chirlbs) Principles of Geology; or, the Modem 

tibanges of the Earth and its Inhabitants considered as Illustrative of 
Geology. With Illustrations. 3 Vols. 8vo. 88s. 

Student's Elements of Geology. With Table of British 

Fossils and 600 Illustrations. Post 8vo. 0s. 

Geological Evidences of the Antiquity of Man, 

including an Outline of Glacial Post-Tertiary Geology, and Remarks 
on the Origin of Species. Illustrations. 8vo. 14c. 

— - (K.M.) Geographical Handbook of Ferns. With Tables 

to show their Distribution. Post 8ro. 7c. 6d. • 

LYTTELTON’S (Loan) Ephemera. 2 Yok Post 8vo. 19s. 6 d. 
LYTTON’S (Loan) Memoir of Julian Fane.® With Portrait. Post 

8vo. 6s 


M c CLINTOCK’S (Sib L.) Narrative of the Discovery of the 

Fate of Sir John Franklin and his Companions in the Aretle Seas. 
With Illustrations. Post 8vo. 7c. 6 d. 

MACDOUGALL’S (Col.) Modem Warfare as Influenced by Modem 

Artillery. With Plans. Post8vo. 12f. • 

MACGREGOR’S (J.) Rob Roy on the Jordan, Rile, Red Sea, Gen- 
nesareth, Ac. A Canoe Cruise in Palestine and Egypt and the W&tenP 
of Damascus. With Map and 70 Illustrations. Crown 8vo. 7c. 6d 

MACFIIERSON’S (Major) Services in India, .while Political 

Agent at Gwalior during the Mutiny. Illustrations. 8vo. 13c. 9 

MAETZNER’S English Grammar. A Methodical, Analytical, 
and Historical Treatise on the Orthography, Prosody, Inflections, and 
Syntax of the Englirii Tongue. Translated from the German. By 
Clair J. Grrcr, LL.D. 8 Vols. 8vo. 86c. 

MAHON (Lord), see Stanhope. • 

MAINE’S (Sk H. Sumner) Ancient* Law : its Connection with the 
Early History of Society, and its Relation to Modern Ideas* 8vo. 13s. 

Village Communities in the East and West. 8vo. 4«. 

Early History of Institutions. 8vo. 12s. 

MALCOLM’S (Sib John) Sketches of Pereia. Pest 8vo.*8a 6d 
M ANSEL’S (Dean) ' Limits* of Religions Thought Riamined. 

Post 8vo. 8c. 6d. • • § w 

. Letters, Lectures, and Papers, including the Phrontfo 

terion, or Oxfbrd in the XIXth CSutury. Edited by H. W . CfkAMDLn, , 
M.A. Bvo. 18c. • * * 

Gnostic Heresies of the First and Second^Dentqries. 
With a Hcetch of his Hi! and character By Cord CAqjrilbvow, , 
Edited by Canon Lighttoot, 8vo 10#. 6d. 

MANUAL OF SCIENTIFIC ENQUIRY. For the .UDb of 

JF Travellers. Edited by Ksv. R JfAnr. Post 8vo. 8c. V. •{PiMUhsihy 
w or#* r of tkmLoMs of the AdmiraUv ) * \ 

M^gCO POLO. The Book of $er Marco iPtlo, th* VenetiiLi 

Concerning the Kingdomi and Marvels of the JSast A new Englii 
Versiop. ilmstrated by the light of Oriental, Writers and " 
'gravels. By Col. Hub* Yuli. Maps andr illustrations. 

Medium 8vo. 63#. 


Velf 



S3 


LIST OF f'ORKS 


MARKHAM ’S (Mbs.) History 0f England, From the First Inn- 

v aion ty the Romans to 1867. Woodcuts. 12mo. 3a. 6 d. ft 

_* Hfctory of France. From the Conquest bf the 

Gaiffs lo 1861. Woodcuts. l2mo. 3a. 6rf. • , 

History of Germany. From the Invasion by Lianas 

to It67. Woodcuts. 13mo. 3s. 6d. 

MARLBOROUGH'S (Sarah, Dcciiffs of) Letters. Now- first 
published from the Original Mad. at Madresfield Court. With au 
„ Introduction. 8vo. 10a. 6 d. 

MARRY AT’S (Joseph) History of Modern and Mediaeval Pottery 

and Porcelain. With a Description of the Manufacture. Plates and 
Woodcuts. Svo. 42a. 

MARSH’S (G. P.) Student's .Manual of the English Language. 

Post Svo. 7a. (id. 

MATTHIAS’S Greek Grammar. Abiidged by Bloufield, 

Revised by E. 8. Crowke. 12luo. 4a. 

MAUREL’S Character, Actions, and Writings of Wellington. 

m Fcap. 8vo. la. Sd. 

MAYNK’S (Capt.) Four Years in British Columbia and Van- 
couver Ibland. Illustrations. Svo. 16a. 

MEADE’S (Hon. Heki^rt) Hide through the Disturbed Districts of 

New Zealand, with a Cru me among the South Sea Islands. With Illus- 
trations. Medium 8vo. 12a. 

MELVILLE’S (Hermann) Marquesas and South Sea Islands*. 

2 Vols. Post 8vo. 7a. 

MEREDITH’S (JIrs. Charles) Notes and Sketches of New Soath 

Waif*. Po#8vo. 2a. 

^MESSIAH (THE) : The Life, Travels, Death, Resurrection, and 

A seen ni on of our Blessed Lor 4- By A Layman. Map. 8vo. 18a. 

MILLINGTON’S (Rev. T. S.) Signs and Wonders in the Land of 

•' II am, or tfie Ten Plagues of Egypt, with Ancient and Modr.ru Illustra- 

tions. Woodcuts. Poet Svo. 7.v. 6tl. 


MILMAN’S (Dean) History < f the Jews, from the earliest Period 
down to Modern Times. 3 Vols, Post>>o. 18a. 

Early Chris lianiy, from the Birth of ( hrist to the 

ADomLn of Paganism in the liomnn Empire. 3 Vols. Post Svo. 18*. 

— Latin CbrbtianRy, including that of* the Popes to 

the Pontificate of Nicholas V. 9 V»ls. ^ostSvo. 54a. 

— - Annals of St. Paul’s Caiheural, from the Romans to 

the funeral of Wellington. Portrait and Illustrations. Svo. 18a. 

Character* and Conduct of the Apostles considered 

^ an Evidence of Christianity. 8vo. 10a. (k\, 

t — Quin ti HoraLii FJacci* Opera. With 100 Woodcuts. 

Small 8 vQj 7 8 MU. 

— «*. Life of Quintus tloratius Flaccus. With Illustra- 

tions. 8yo. 9 84 * 

Poetical Works. The Fall of Jerusalem — Martyr of 

s. Antioch— gal hjiazzar— Tam or — AiHoe Boleyn— Faaft, &c. With Por- 
trait and Illustrations. 8 Vols. F^tp. Svo. ^8a. 

L -^- r - — Fall of Jerusalem. Fcap. 8vo. Is. 


f *- fCAPT. E. A.) Way njde Cross* Rost 8vo. 2s. V, 
VART’S (St. George) Bess^us from NatuiSs; ts manifested in* 
4 Mind* and Mftt&r. 8vo. 

MODERN DOMESTIC COOKERY. Founded on Principles of 

Economy and {vactical Knowledge. JSeto Edition. Woodcuts. Fcftp. Svo. 5a. 
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MONGREDIEN'S {Augustus) Trees and Shrubs for English 

Plantation. A Selection and Inscription of the most Ornamental 
which will flourish in the open air in our climate, with Classified* 
> Lists. With 30 Illustrations. 8vo. 16s. 9 1 

MOORE & JACKMAN on the Clematis as a Garden Flower 
C Description? of the Hardy Species and Varieties, with Directions for 
"their Cultivation. 8vo. 10s. dd. 

MOORE’S (Thomas) Life and Letters of Lord Byroar Cabinet 

Edition. With Plato*. 6 Vole. Fcap. 8vo. 18s.; lipnlar Edition. 
with Portraits. Uo) a! 6vo. 7s. i id. 

MOSSMAN’S (Samuel) New Japan; the Land of the Rising Sun; 

its Annals and Progress during the past Twenty Y«ars, recording the 
Spmarkabie Progress of the Japanese tu Western Civilisation. With 
JMap. bvo. 15*. 

MOTLEY’S (J. L.) History of tbe.United Netherlands: from the 

Death of William the Silent t<> the Twelve Years' Truce, Library 

Edition. Portraits. 4 Vols. 8vo. 60*. Cabinet Edition, 4 Vole. Post 
8vo. 6s, each. 

Life and Death of John of Bameveld, 

Advocate of Holland. With a View of the Primary Causes and 
Movements of the Thirty Years’ War. Library Edition. ]lly»uali«ug. 

2 Vols. bvo. 2fcs. Cabinet A ,-iitiun. 2 Vols. Pont bvo. l‘J \ 

MOUllOT’S (Hkmki) Siam, Cambojia, and Lao ; a Narrative .of 

Travels and Discoveries, Illustrations. 2 Vols. bvo. 

MOZLEY’S (Canos) Treatise on Predestination. 8vo. 14s. 

^ Primitive Doctrine of Baptismal Regeneration.' 8vo. 7s.6d. 

MUIRHEAD’S (Jas.) Vaux-de-Vire of Mai>tre Jean Le lloux, 

Advocate of Vice. Translated and Edited. With Puriiv.it and Illus- 
trations. -8vo. £ 

MUNRO’S (Gehkkal) Life and Letters. By Bcv. 0» R. Glkiq. 

Post 8vo. 3*. 6d. # 

MURCHISON’S (Sui R* dekick w Siluria ; or, a History of the 

Oldest rocks containing Organic Ruiuaius. M ap and Plates. 8vo. 18*. 

— Memoirs. With Nouc.s of his Contemporaries,* 

and Rise and Progress of Pulwozoic Geology. By AucuntAKu Geijuk. 
Portraits. 2 Vols. Hvo. 30*. 

MUEEArS EAIIiWAtLEEADINO-* Containing:— 

Wbllinrton. By IiOhd Ei.lbbmere. id . i Mahon’s Juab u» Ahc. It. 


W bllinrton. By 1<ord Ei.lbbmrTi 
Nimrod on thh Chain, la. 

Music and UakHi. la. 

Milman’s Fall or JHHuaAi.tM. la. 
Mahon’e ,, FoEl••FI*H. ,, .*t. 

Live or Theodore floos. la. 
Deeds or Naval Dakins, id , 
Thh Hon hi Bnn. la. 

JKaor’a Fails*, fc.fid. 

Nimkod on the Totr. la. fid. 

As* or Din ins. la. fid. 


Heap's Emigrant. 2a. fid. 

Nimhwu on tub Road. 

Cbairrh on tun Guillotine. la. 
Ilo.Awti ■ , 

Marsel's Wblliehton. la.nl. 
CAMrsHu/a Lin or Bacon. 2a. ad . 

Thh Flower Garden, la. 

Tailor'* Note# r huh Lira. 2 s . 
Rejected Addresses. Is. 

Pen n’i Hints on Analier. 0- 

; a Year’s Wanderings over 


MUSTERS’ (Cai-t.) Patagonians ; a Year’s Wanderings over 
Uutrodden Ground fn»m tint ^trails of Aliigollau to the ftio Negro. 
Illustration*. Post 8vo. 7s. 63. *4 • 

NAPIER’S (Sib Chas.) Life, Journals, and Letters. Portraits. a 
4 Vols. Crown 8vo. 4Bi. m ^ “ * 

(Sib Wm.) Life and Letters. Poi traits^ 2 Yols. 

Crown 8v€. 28s. • * s m # 

English Battles and Sieges of the Peninsular , War. 

Portrait. Post Bvo. 9«. ** - * 

, MMPOLEON at Fei^AiNBBLF,^ and Elba. A Journal of 

~ OccumwceK aftd Notes of ConyersdtionE. By Sjk Nml CampbrXl, 

C.B. With a Memoir. By Hey. a.. N. C. MaoicmAlan, 94.A. PBi.tra.tM 
• • 8vo. 15*. * 1 

NASMJfTH # AMD*CARPENTER. The Moon; Consi^redtts a, 

Rlanet, a World, and a Satellite. With Illuviations from Drawidfan 
mad^ with the aid of Powerful Tslescopea, Woodcuts, Ac. 4to. 80a. ^ 
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NAUTICAL 'ALMANAC (T^i). (By Authority.) . 2b. 6<L 
t NAV Y LIST 1 . (Monthly and Quarterly.) Post 8vo. 

NSW TESTAMENT. With Short Explanatory Commentary/ 
^ By ARohdeacox Churtow, M.A., and Archdeacon Basil Jokes, MA. 
With 110 authentic Views, Ac. 2 Vols. Crown 8vo 21s. bounfi 

NEWTHlfc (Samuel) First Book of Natural Philosophy; an Intro- 
dnetidl' to the Study of Statics, Dynamics, Hydrostatics, Optics, and 
Acoustics, with numerous Examples. Small 8vo. 8s. 6d. 

■ Elements of Mechanics, including Hydrostatics, 

with numerous Examples. Small 8vo. 8s. 6 d. 

Mathematic^ Examinations. A Graduated 

Series of' Elementary Examples in Arithmetic, Algebra, Logarithms, 
Trigonometry, and Mechanic^. Small 8vo. 8s. 6cf. 

NICHOLS' (J. G.) Pilgrimages to Walsinglam and Canterbury. 

By Ebasmuh. Translated, with Notes. With Illustrations. Post 8vo. 8s. 

(Sib Geobge) History of the English, Irish and 

Scotch Poor Laws. 4 Vols. 8vo. 

NICOLAS' (Sib Harris) Historic Peerage of England. Exhi- 
biting the Origin, Descent, end Present State of every Title of Peer- 
age which has existed in this Country since the Conquest. By 
William Courthope. 8vo. 80s. 

NIMROD, On the Chace — Turf — and Road. With Portrait and 
Plates. Crown 8vo. 6s. Or with Coloured Plates, 7s. 64. 
NORDHOFF'S (Chas.) Communistic Societies of the United 

Slates; including Detailed Accounts of the Shakers, The Amana, 
Oneida, Bethell, Aurora, Xcarian and other existing Societies; with 
Particulars of their Religious Creeds, Industries, and Present Condi- 
tioiu^Witi 40 Illustrations. 8vo. 16s. 

OLD LONDON ; Papers read at the Archaeological Institute. 

r By various Authors. 8vo. 12s. 

ORMATHWAITE'S (Lord) Astfonomy and Geology— Darwin and 
^ Buckle— Progress and Civilisation. Crown 8vo. 6s. 

OWEN'S (Lieut.-Col.) Principles and Practice of Modem Artillery, 
including Artillery Material, Gunnery, aud Organisation and Use oi 
. Artillery in Warfare. With Illustrations. 8vo. 16s. 

OXENHAM’S (Rby. W.) English Notes f.i Latin Elegiacs ; designed 
for ear ly Proficients in the Art of Latin Versification, with Prefatory 
%tf Composition in Elegiac Metre. 12mo. 8s. 64. 
PALGRAVE'S (R. H. I.) Lhcal Taxation of Grea**, Britain and 
Ireland. 8vo. 6s. 

— v- Notes ox Banking in &reat Britain and Ibe- 
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PENN’S (Richard) Maxims and^Hints for an* Angler andthess- 
* Dltyer. Woodcuta. Feio. 8vo li, _ 

fafiOrS (Jobs, M.D.) Metallurgy. VoL I., Put 1. Fuil,- 
Wood, Peat, Coal, Charcoal, Coke, Refractory* Materials, Fire-Clays, 

, &c. WltbJUustratlons, 8vo. 30i. • «e 

h — Yol. I., Part 2. Copper, Zinc, Brass. With Illustra- 
tions. 8vo }In the Preu. 

VoL II. Iron and SteeL With Illustrations. 8vo. 

^2n Preparation. 

Yol. III. Lead, including part of Silvkb. With Ilius- 
Gold* Silver, and Menpuiy, Platinum, 


tratlons. 8vo. 30$. 

-Vols. IV. and V. 


Tin, Nickel, Cobalt, Antimony, Bismuth, Arsenic, and other Metals. 
With Illustrations. 8yo. • [/a Preparation. 

PERSIA’S (Shail of) Diary during his Tour through Europe in 
1873. Translated from the Original. By J. W. Rsdhoube. With 
Portrait and Coloured Title. Crown 8vo. 12s. 

PHILLIPS’ (Johh) Memoirs of William Smith. 8vo. 7s. 6d. 

Geology of Yorkshire, The Coast, and Limeeprae 

District. PUteB. 2 Vols. 4to. 

Rivers, Mountains, and Sea* Coast of Yorkshire. 
With EsBays on the Climate, Scenery, and Ancient Inhabitants. 
Plates. 8vo. IBs. 

(Samuil) Literary Essays from u The Times.’' With 

Portrait. 2 Vol«. Fcap. 8vo. 7s. 

POPE’S (Alixahder) Works. With Introductions and Notes, 
by R bv. Whit w ell Elwin. Vole. I, II., VI., VII., VIII. With Por- 
traits. 8vo. 10s. 6d. each. « 

PORTER’S (Rbv. J. L.) Damascus, Palmyra, an& Lebanon. With 
Travels among the Giant Cities of Bashan and the Hauran. Map ant 
Woodcuts. Post 8vo. 7s. 6 d. * 

PRAYER-BOOK (Illustrated), with Borders* Initials, Yift 
nettes, Ac. Edited, with Notes, by Rev. Taos. James. Medium 
8vo. 18s. cloth ; Sis. 6 d cal/; 36s. morocco. 

PRINCESS CHARLOTTE OP WALES. A Brief Memoir. 
With Selections father Correspondence and other unpublished 
Papers. By Lady Rose Wkigall. With Portrait. 8vo. 8s. 6 d. 

PUSS IN BOOTS. With 12 Iliostfhtiona. By GtsiH&xoxTSii. 

16mo. Sis. fid. Or coloured, 2s. 6 a. * 

PRINCIPLES AT STAKE. Essays on Church Questions of the 
Day. 8vo. 12s. Contents: — 


Scripture and Ritual.— Canon Bernard. 
Church in South Africa. — Arthur 
Mills. V* 

Schlsmatlcal Tendency OTRitualism. 

- Rev. Dm 8almon. 

Revisions orthe Mturgy.— Rev. W.G. 
I Humphry. • 

Parties ax* Party. Spirit— D*d* el 

Cheater. • 


Ritualism and Uniformity.— Benjamin 

The Episcopate.— Biahop^f Bath and 

The Priesthood.— Dean of Canterbury . • 

National Education.— Rev. Alexander 
R. Grant. 

Doctrine of the Eucharist.— Rev. G. 

H. Sumner. Chester. 

PB1YY COUNCIL JUDGMENTS in Ecc^iwU&f CpA wj 

lating to Doctrine and discipline. With Historical Introduction, 
by G.C. Bbodbick and W. H. Fbemahtle. 8vo. 40s, fid. 

yftJABTBBLY^YIBW (Tn). 8 to. 

BAB’S (Edwabd) Land of tb« North W intL; *>r Travels amdn& ' 
the Laplanders and 8amoyedes, and along the Shore "of the WlAte 
Sea. # WithTUp and Woodouts. Post 8vo. 1ft. fid. 

RAMBLES in the Syrian Deserts. Post 8 rtf* 10s. 6a. 
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BANkfi’S (Leopold) History qf the Popes of Rome daring the 

16th «pd 17th Cent Airies. Translated from the German by Sabah 
v Abstih. 8 Vols. Bvo. 30* . * 

RASSAM’S (Horm^zd) Narrative of the British Mission to Anys- 

** sima. With Notices of the Countries Traversed* from M&ssoyah to 
MagdaU. Illustrations. 2 Vols. 8vo. 28s. b 

RAWLINCON’S (Canon) Herodotus. A New English Ver- 
sion?' 1 .Edited witli Notes aud Essays. Maps and Woodcut. 4 Vols. 
8vo. ha. 

Five Great Monarchies of Chaldaea, Assyria, 

Media, Babylonia, aud Persia. With Maps and Illustrations. 8 Vols. 
8vo. 42s. 

j (Sir Hissitr) England and Itu^sia in the liast; a 

Series of Payei s on the Political aud Geographical Condition of Central 
Asia. Map 8vo. 12s. 

REED'S (E. J.) Shipbuilding in Iron and Steel; a Practical 

Treatise, giving full details of Construction, Procures of Manuiactuie, 
and Building Arrangements. With & Plans and 250 Woodcuts, bvo. 

Iron * Clad Ships; their Qualities, Perform aLces, and 

<■ Cost. With Chapters on Turret Ships, Iron-Clad Barns, Ac. With 
Illustrations. 8vo. 12s. 

REJECTED ADDRESSES (The). By James and Horace Smith. 

Woodcuts PonI 8Co. Hs. fit/. ; or Popular Edition, Fcap. 8vo. Is. 

RESIDENCE IN BULGARIA ; or, Notes on the Resources and 
Administration of Turkey, &c. By S. (i. B. St.Claik and Charles A. 
Bbohiy. 8 vo. 12s. * 

REYNOLDS’ (Sir Joshua) Life and Times. By C. R. Leslie, 
R.A. and Ton Taylor. Portraits. 2 Vols. Bvo. 

RICARDO’S (Dlym) Political Works. With a Notice of his 

Life and Writings. By J. K. M'Cullooh. 8vo. ltt*. 

SUPA’S (Father) Thirteen Years’ Residence at the Court of Peking. 
Post 8vo. 2#. ' 

JtOBERTSON’S, (Caros) History of the Christian Church, from 

the Apostolic Age to the R« oriualioi', 1517. Library Edition. 4 Vols, 
Bvo. Cabinet Edition. 8 Vuls. Post Bvo. 6*. each. 

How shall Cie Conform to the Liturgy. 12wo. 9x 

ROM E. Ste Liddell and Smith. 

ROWLAND’S (David) ^tnual of the English Constitution. 

Its Rise, Growth, and Presqrit State. Post 8vo. 10*. 6 d. 

1 — - Laws of Nature the Foundation of Moralk Post 8vo. 6 a 

ROBSON’S (E. R.) School Architecture. Being Practical Rc- 

marks on the Planning. Designing, Building, and Furnishing of 
School-houses. With 300 I Dust rations. Medium 8 vo. 31*. 6 d. 

RUNDEDfe’S (Mah.) Modern Domestic Cookery. Fcap. 8vo. 5s. 
RUXTOiJ’S (George P.) Travels tn Mexico; with Adventures 
among the Wild*. Tribes and Auudals of the Prairies and Rocky Moun- 
* * tains. Posk3vo. 8*. 6 d. 

"ROBINSON’S (Rev. Dr.) Biblical Researches in Palestine and the 
AdjacenHiegions, 1*38— 52. Maps. 8 Vols. 8vo. 42*. 

^ physical Geography of the Holy La$d. Post 8vo. 

*.(Wm.) Alpine Flowers for English Gardens. With 

TO Illustrations. Ciown Bvo. 12*. v , 

"Wild Gardens ;%r, our Groups £nd Shrubberies 

c mada beautiful hy the Naturalization of Hardy Exotic Pmuts. With 
Frontispiece. Small 8vo. 6*. p r 

g — Su ^Tropical Carders ; or, Bc&uVy of Form in the 

Flower Gardepa With Illustrations. Small 8vu. 7*. 6U. 
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SALE’S (Sir Robert) Brigade in ^ffghaniBtan. "With an A „ of 

m the Defence .of Jellalabad. By Ukv. Q. R. Glkig. P©g, 8vo. 2«. 
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